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Wavelengths, energy levels, level designations, oscillator strengths, and atomic 
transition probabilities for the vanadium ions V VI to V XXIII are tabulated. A short 
review of the line identifications and wavelength measurements is given for each 
stage of ionization. Grotrian diagrams are also presented to provide graphical 
overviews. The literature has been surveyed to September 1991. 
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1. Introduction 

We have undertaken to publish a series of compilations 
of spectra of highly ionized atoms of particular interest to 
the fusion energy community. These selected elements 
occur as impurities in wall materials of fusion machines 
or are specifically injected into the hot plasmas for 
diagnostics. Much new work on these spectra has ap
peared in recent years. We have critically compiled these 
data into single monographs for each element including 
wavelengths, classifications, intensities, Grotrian dia
grams, and a short review of the literature for each ion. 
Oscillator strengths and radiative transition probabilities 
have been tabulated when available, in order to facilitate 
identification of emission lines. Monographs are already 
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published for Ti, Fe, Co, Ni, Cu and Mol
-

6
• The present 

compilation contains data for V VI to V XXIII. 

All relevant papers published through September 1991 
were collected and surveyed, and the best measurements, 
in our judgement, were included in the tables. We con
sulted the following comprehensive compilations: for 
wavelength data Kelly (1987)', for forbidden lines arising 
within ground configurations of the type ns 2npk (n = 2 
and 3, k = 1 to 5) Kaufman and Sugar (1986)8, and a re
view article by Fawcett (1984)9. 

Sugar and Corliss (1985)10 have published a compre
hensive critical compilation of energy levels for the iron
group elements K to Ni in all stages of ionization. Their 
values are adopted for this compilation, except where 
superceded by more recent data. For the He- and H
sequences, only theoretical results are given since they 
are considered to be more accurate than the experimen
tal values. 

For atomic transition probabilities, calculations in 
various approximations, including multi-configuration 
Dirac-Fock calculations, have been reported for allowed 
and forbidden transitions. Brief reviews of such theoreti
cal data are given in the critical data compilation of al
lowed and forbidden lines by Martin et al. (1988)11, from 
which the oscillator strengths (I) and transition probabil
ities (A) are taken. 

In cases where no experimental wavelength data are 
available but for which calculated I-values exist, the 
quoted wavelengths are calculated from the known en
ergy levels using the Ritz combination principle. The 
wavelengths are then used to calculate A -values from the 
I-values. 

We tabulate A -values andgl-values in order to provide 
a measure of the strength of the lines. When these are not 
available, we list the rough line intensity estimates pro
vided in the literature. The A -values (or I-values) may be 
utilized to obtain line intensities from the general rela
tion between the line intensity and transition probability 

where N" is the population of the upper energy level. The 
level populations are source-dependent and are
especially for low density plasmas - difficult to estimate. 
However, for small energy ranges relative populations 
may follow Boltzmann distributions, or may even be esti
mated as constant, aside from the statistical weight fac
tors gu = 2Ju + 1 (where J is the total angular momentum 
quantum number). Thus for two emission lines originat
ing from closely spaced upper levels one may estimate 

For some spectra we give both A -value data and line 
intensity estimates in order to provide a rough correlation 
between them. We caution that intensity estimates in ex
perimental work are usually visual estimates of relative 
plate blackening. There is generally no correlation 
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between intensity estimates by different authors, or by 
the same author for widely different wavelength ranges. 

We give wavelengths in air above 2000 A and in vac
uum below 2000 A. For conversion of ionization energies 
from cm -1 to e V, we use the conversion factor 
8065.5410(0.0024) cm-1/eV given by Cohen and Taylor 
(1987)12. 

In the following section we give brief comments on 
each ion, including the accuracy of the wavelength data. 
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2. Brief Comments on Each Vanadium Ion 

VVI CAr sequence) 

The resonance transitions 3p 6 ISO - 3p :5n[ with 
nl = 4s ,5s were observed by Kruger and Weissberg 
(1935)66 in the range of 128 -182 A, by Alexander et al. 
(1965)5 for nl = 4d at 139.553 A and 138.261 A, and by 
Feldman et al. (1965)46 and Gabriel et al. (1965)53 for 
nl =3d at 224.50 A. Wagner and House (1971)81 classified 
the 3p 53d - 3p 541 transitions, comprising 12 lines in the 
range of 213 - 227 A. Extensive observations were carried 
out by Ekberg (1976)28 in the wavelength range of 
117 -1630 A using a vacuum spark discharge. He identi
fied 170 lines as transitions among 56 levels of the 3s 23p 6, 

3s 23p53d, 4s, 4p, 4d, 4/, 5s, 5d and 3s3p 63d configura
tions. We quote Ekberg's results. 
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Kastner et al. (1977t3 identified seven lines of the 
inner-shell transitions 3s23p 6 lSo-3s3p 6np 3pf (n =4,5) 
and 3s23)?6 lSo-3s3p 6np IPt (n =4-8) in the range of 
85 - 119 A with an uncertainty of ± 0.005 A. 

It should be noted that the lines classified as 3p 6 

lSo-3p\2P3/2,lI2)5d at 118.7 A amI 117.7 A in Fawc~U eJ 
al. (1968)34 and Ref. 28 were revised as the 3s23p 6 
ISo-3s3p 64p 3,1Pt transitions in Ref. 63 and also that the 
remaining 3s 23p 6 ISo-3s 23p SCZP3/2)5d 2[1hU line at 
119.3 A in Ref. 34 has been deleted because this line was 
not observed by Ekberg (1976)28. 

V VII (CI sequence) 

Weissberg and Kruger (1936)82 identified the 3s 23p s 
2P?/?1n - 3s3p 6 2S112 transitions. Subsequently Smitt et al. 
(1976),8 measured these wavelengths as 472.828 
± 0.008 A and 456.284 ± 0.008 A in a vacuum spark. 

Gabriel et al. (1965)S3, (1966)S4 identified the transi
tions 3p s 2P3/2 - 3p43d 2P3/2 and 2Pf/2.3/2 - 203/2,S/2. Fawcett 
and Gabriel (1966)31 reobserved these three lines at 
229.38 A, 225.79 A and 225.16 A using vacuum sparks, 
and also identified six new lines in the range of 
221- 242 A as the 3p s 2po - 3p4eO)3d 2S, CPlP, ep)20 
array. Here, the parent states of the 3p 43d configuration 
have been taken from the calculation by Bromage 
(1980)12. 

The 3p s 2po - 3p44s 2p doublet was first observed by 
Weissberg and Kruger (1936)82 in the range of 
159 -163 A. Edlen (1937)26 reobserved the spectrum in 
the extended range of 148 -165 A with a vacuum spark 
and identified the additional 2po - 20,2S doublets and the 
2po _ 4p spin-forbidden transitions. 

Fawcett et al. (1968)34 identified six lines as the 
3p s - 3p44d transitions in the range of 117 -127 A. These 
lines, except for the 2P3/2 - eS) 20S/2 line at 117.2 A, were 
remeasured by Fawcett et al. (1972)39, who also included 
identifications of the 2P1/2.3/2 - ep) 2S1/2 and 
2P3/2 - eO) 203/2 transitions at 124.24 A, 123.07 A and 
121.89 A and the 3p 43d - 3p 44/ transitions. The latter in
clude the spin-forbidden 4F7/2 - 2G~/2 line. Their observa
tions were made in the range of 177 -184 A with a 
laser-produced plasma with an uncertainty of ± 0.02 A. 

VVIJI (S sequence) 

Fawcett and Peacock (1967)33 and Fawcett (1970?5 
observed the 3s 23p4 3p - 3s3p s 3po and 102 -IPf lines in 
the range of 398 - 473 A in laser-produced plasmas. Im
proved measurements for these lines in a vacuum spark 
with an uncertainty of ± 0.008 A was made by Smitt et al. 
(1976)78, whose wavelengths are given here. They also 
identified the ISo_lpf line at 459.647 A and the 3p2_ 1pf 

spin-forbidden transition at 359.454 A. A blended 
3Pl - 3p~ line at 472.839 A deviates by 0.022 A from the 
wavelength recalculated from the levels. 

Gabriel et al. (1966r4 identified the 3p4 3p - 3p33d 300 

triplet and 102 - Ifl singlet in the range of 228 - 232 A. 
Their observations were made with vacuum sparks with 
an uncertainty of ± 0.05 A. Fawcett and Gabriel (1966)31 
identified the three lines of the 3Pl,2 - 3P2 and 102 -102 
transitions at 243.69 A, 240.22 A and 236.01 A. The des
ignation of parent term of the upper 3p 33d configuration 
adopted here was provided by Bromage (1980)12. 

Nineteen lines of 3p4 - 3p34s transitions in the range of 
135 -148 A, including the spin-forbidden transitions 
102-3P2 and 3P2-102 at 140.934 A and 139.188 A, were 
identified by Edlen (1937)25 using vacuum spark 
observations. 

Fawcett et al. (1972)39 identified eight lines in the range 
of 154 -158 A as the 3p33d - 3p 34f transitions and six 
lines in 113-116A as the 3p4-3p 34d. Wavelengths of 
these transitions were obtained with a laser-produced 
plasma with uncertainties of ± 0.02 A and ± 0.015 A, re
spectively. Fawcett et al. 4S gave additional identifications 
of the 3p 4 - 3p 34d transitions in the range of 110- 112 A 
and the 3p33d IG~-3p34f IHs transition at 159.24 A. 

V IX (P sequence) 

Fawcett and Peacock (1967)33 and Fawcett (1970)3s. 
classified lines of the 3s 23p 3 - 3s 3p4 transition array in 
the range of 364 - 468 A, obtained with laser-produced 
plasmas. Additional classifications were given by Smitt et 
al. (1976)78 in the extended range of 164 - 4R9 A. They 
observed 16 lines belonging to this array in a vacuum 
spark discharge with an uncertainty of ± 0.008 A. The 
lines at 485.110 A epY/2_20312), 437.005 A eO~/2-203/2), 
and 399.719 A epY/2 _lP1/2) are blends. 

Gabriel et al. (1965)S3, (1966)54 classified the line at 
235.72±0.05 A as the 3p 3 20~/2-3p2CP)3d 2F712 transi
tion. The 3p parent is from the calculations by Bromage 
(1980)12. Fawcett et al. (1967)32 identified the 3p 3 

4So - 3p 2CP)3d 4p resonance transitions at - 244 A. 
Fawcett (1971)37 more fully observed the 3p 3 - 3p 23d 
array in the range of 240 - 276 A with measurement un
certainties of ± 0.05 A. 

Six lines due to the 3p 3 
- 3p 24s transitions in the range 

of 125 - 127 A were observed in a vacuum spark by 
Kruger and Pattin (1937)67. In the longer wavelength re
gion Fawcett et al. (1972)39 identified the 3p 3 

2po - 3p 2CP)4s 2p, en?O and 200 
- CP)2P doublets in the 

range of 129 - 135 A, as well as the 3p 23d - 3p 24/ transi
tions at 137 -141 A. Wavelengths were measured with a 
laser-produced plasma with an uncertainty of ± 0.02 A. 
The spin-forbidden 3p 3 20~/2 - 3p 24d 407/2 line at 88.48 A 
was reported by Fawcett et al. 4S Except for this line no 
intersystem connection has been established. 

J. Phys. Chern. Ref. Data, Vol. 21, No.2, 1992 
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Vx (Si sequence) 

Fawcett and Peacock (1967)33 and Fawcett (1970)35, 
(1971)37 analyzed of the 3s23p2-3s3p 3 transition array in 
the range of 308 - 471 A. Improved wavelengths with an 
uncertainty of ± 0.008 A were obtained by Smitt et al. 
(1976)78 with a vacuum spark discharge. They identified 
19 lines, including the spin-forbidden transitions 
ID2-3D~ at 527.439 A, 3p2-1D~ at 369.612A and 
3P2 - Ipy at 301.283 A. The wavelength of the blended 
3pl_3p~ line at 399.719 A is different by 0.03 A from that 
recalculated with the level values. 

Fawcett et al. (1967)32 and Fawcett (1971)37 provided 
classifications of the 3p2_3p3d lines in the range of 
245 - 266 A. They measured wavelengths in a vacuum 
spark discharge with uncertainties of ± 0.03 A and 
± 0.05 A, respectively. 

The 3p3d -3p4[, 3p2-3p4s and ~2-3p4d transitions 
in the ranges of -124 A, 115 -119 A and -94 A, respec
tively, were identified by Fawcett et al. (1972)39 in the 
spectrum of a laser-produced plasma. 

VXI (AI sequence) 

The transitions 3s23p -3s3p2 in the range of 
320 - 448 A were identified by Fawcett and Peacock 
(1967)33 and Fawcett (1970)35, and were remeasured 
more accurately by Smitt et al. (1976),8 with an uncer
tainty of ± 0.008 A in a vacuum spark discharge. 

Fawcett (1970)35 also reported classifications of the 
3s3p2 4p - 3p 3 4SO lines in the range of 347 - 359 A. Litzen 
and Redfors (1988),0 provided wavelengths for this array 
with an uncertainty of ± 0.02 A, which are given here. An 
extension of the analysis was made by Redfors and Litzen 
(1989)77 with data in the range of 238-514 A measured 
with an uncertainty of ± 0.02 A using a laser-produced 
plasma. They added to the 3s 3p 2 - 3p 3 array the doublets 
2p _ 2po, 20 _ 20°, and 20 - 2po, in the range of 
366 - 514 A. In addition they identified the 
3s 23d - 3s 3p epO)3d , 3s 3p 2 - 3s 3p epO)3d , and 
3s3p2-3s~epO)3d transitions in the ranges of 
338 - 368 A, 265 - 300 A, and 238 - 280 A. Redfors and 
Litzen also classified the 3s 23p 2po - 3s 23d 20 lines in the 
range of 265 - 273 A. Energy levels of all terms in the 
configurations 3s23p, 3s3p2, 3s23d, 3p 3, and 3s3p3d have 
been taken from Ref. 77. The discrepancies between the 
observed wavelengths and the recalculated ones from the 
level values are as large as 0.03-0.11 A for the blended 
lines at 342.982 A and 265.988 A and the perturbed line 
at 240.333 A. 

• The transitions 3s 23p 2po - 3s 24d 20 were identified by 
Edlen (1936)24 in the range of -87 A. Fawcett et al. 
(1972)38 identified the doublets 3p 2po - 4s 2S and 3d 
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20 - 4f 2p and the quartets 3s 3p 2 4p - 3s 3p 4s 4po and 
3s3p3d 4P-3s3p4f 4G at 104-120A. 

V XII (Mg sequence) 

Classifications of the n = 3 - 3 transitions were made in 
a series of articles of Fawcett and Peacock (1967)33, 
Fawcett (1970)35, and Fawcett et al. (1972)39 for the tran
sitions between levels in the 3s2, 3s3p, 3s3d, 3p2, and 
3p 3d configurations. Litzen and Redfors (1987)69 reob
served lines in the range of 246 - 610 A in a laser-pro
duced plasma and identified 42 lines, including the 19 
lines of the earlier work. Wavelengths were measured 
with an uncertainty of ± 0.02 A. Following this, Redfors 
(1988),6 reported 10 lines of the 3p 3d - 3d2 array in the 
range of 273 - 383 A. With a similar source Churilov et al. 
(1989)13 augmented this to 19 lines. Wavelengths given to 
the third or to the second decimal place have uncertain
ties of ± 0.01 A and ± 0.02 A, respectively. Energy levels 
of the configurations with n - 3 are taken from Ref. 69, 
with the addition of 3d2levels from Ref. 13. We have in
terchanged the designations of the 3p 3d 30Y and 3py 
terms in Ref. 13, as required by the percentage composi
tions in Ref. 69. We have added 30 cm-1 to all the 3d2 

levels given by Churilov et al. as a result of redetermining 
the 3d2 levels with their measured wavelengths and the 
3p3d levels from Ref. 69. However, their classifications 
for the 3p3d 30~-3d2 3P2 and 3p3d 3PY-3d2 3Pl lines at 
301.46 A and 302.080 A are questionable, because these 
lines do not fit the level scheme. The spin-forbidden 3s 2 

ISo - 3s 3p 3pY at 522.4 ± 0.2 A was observed in a tokamak 
plasma by Finkenthal et al. (1982)51. 

Edlen (1936)24 first identified triplet systems of the 
3s3p -3s4s, 3s3p -3snd (n =4,5), and 3s3d -3snf 
(n =4,5) transitions in the range of 61-107 A, and also 
the 3s2 lSO- 3s4p lpy resonance line at 76.307 A. 
Fawcett et ai. (1972)38 identified the 3s 3d ID2 - 354/ IF3 
transition at 113.78±0.02 A, and Fawcett et al. (1972)39 
reported the 3s3p lpy - 3s4d 102 and 3p2 1D2 - 3s4f lP3 
transitions at 87.363 ± 0.01 A and 95.58 ± 0.015 A. 
Fawcett et al. (1972)38 also provided nine lines of the 
3p3d - 3p4f transitions in the range of 104 -114 A. 
Additional 35 lines below 105.74 A are given by Fawcett 
et al. 45 for the triplets, 3s 3p 3po - 3sns 3S (n = 5 -7), 3s 3p 
3po _ 3snd 3D (n = 5 - 8), and 3s 3d 303 - 3snf 3fl 
(n = 6 - 8) and the singlets 3s 2 ISo - 3snp Ipy (n = 5 - 10), 
3s3p lPY-3s4s lSo, 3s5d 1D2 and also for the 3s3p -3p4p 
and 3p 2 - 3p 4s ,4d transitions. 

V XIII (Na sequence) 

The 3s - 3p and 3p - 3d lines in the range of 
313 - 444 A were identified by Fawcett and Peacock 
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(1967)33 and remeasured by Fawcett et al. (1972)39, except 
for 3p 2p~12 - 3d 20312. An isoelectronic comparison of the 
measured wavelengths, including 3d - 4f doublet, with 
Oirac-Fock calculations was made by Reader et al. 
(1987fS for Ar7+ to Xe43 + , and least squares adjusted 
wavelengths were derived. The overall uncertainty esti
mate is ±0.007 A. We give these results and correct the 
level values with them. 

Edlen (1936)22 identified the transitions 3s - np 
(n =4,5), 3p -4s, 3p -nd (n =4,5), and 3d -nf(n =4,5) 
in a vacuum spark discharge. Except for the 3d - 4/ dou
blet, Edlen's wavelengths are given here. The 3d - 4p 
lines at -118 A and the 3d 2Ds12 - 5p 2P~12 line at 
74.321 ± 0.01 A were identified by Fawcett et al. (1972)38 
and Fawcett et al. (1972)39, respectively. 

Identifications along Rydberg series have been taken 
from Fawcett et al. 4S for the 3p - ns (n = 6 -11), 3p -lOd, 
and 3d -nf (n = 10,11) transitions and from Cohen and 
Behring (1976)IS for the 3p -5s, 3s -np (n =6--11), 
3p -nd (n =6-9,11), and 3d -nf(n =6-9) transitions. 

The inner-shell transitions 2p63s 2S112 - 2pS3s 2 2p~12.112 at 
24.517±0.005 A and 24.202±0.005 A were observed by 
Feldman and Cohen (1967)48 with a low-inductance 
vacuum spark source. 

V XIV (Ne sequence) 

The 2p6 - 2ps3s and 3d transitions were identified by 
Edlen and Tyren (1936)23 with lines at -23 A and -21 A 
in a vacuum spark discharge. The 2Y22p6_2Y2p63p and 
2p6 _ 2p snd (n = 3 - 5), 4s lines in the range of 
15.6 - 21.3 A were observed with a low-inductance spark 
source by Feldman and Cohen (1967t7

, who measured 
wavelengths with an uncertainty of ± 0.005 A. 

The 3s - 3p and 3p - 3d arrays were observed by Jupen 
and Litzen (1984)S9 and (1986)60 in laser-produced 
plasmas. In the latter article, 21 lines above 328 A were 
identified. 

The 3p - 4d transitions were first found by Kastner 
et al. (1975)62 in the wavelength range of 70.5 -71.6 A 
and also reported by Fawcett et aZ. (1979)43, together with 
the 3d - 4f transitions in the range of 85.4 - 87.2 A. 
Improved measurements were carried out by Jupen et al. 
(1987)61, who identified 26 lines of the n = 3 - 4 transi
tions, including the 2psep~/2)3s C/z, IIz)~ - 2psep~12)4p 
2[SIz]J and 2pSC2P~/2)3s elz,llz)~ - 2psep~12)4p 2Plzh lines at 
65.330 A and 65.571 A. Their measurements are quoted. 
The wavelength uncertainty varies from ± 0.005 to 
±0.01 A. The wavelength of 72.317 A for the 2psepY12)3p 

2[1/2]1 - 2psep~/2)4d 2[3/2]~ transition is apparently a mis
print and should be 71.317 A. 

Jupen et al. (1987)61 also derived the energy levels of 
the 2Y22p s3I and 2Y22ps4I configurations. We have 
adopted their level values except for the 2psep~12)3d 
2[1Iz]l, 2psep312.1!2)4f 2[S/2h, and 2psep~I2)4f 2plzh. These 
levels have been modified to fit the the observed wave-

lengths. The identification of a blended line at 342.202 A 
in Ref. 60 is questionable because it dose not fit the level 
scheme. Therefore, we have deleted it here. 

v XV (F sequence) 

Finkenthal et al. (1984)S2 identified the magnetic
dipole transition 2Y2'2pS 2P312 - 2PY12 at 1719.4 ± 1.7 A in a 
tokamak plasma. 

Fawcett (1971)36, Doscheket al. (1974)17, and Kaufman 
et al. (1982)64 observed the 2Y22pS 2po - 2Y2p6 2S doublet 
in laser-produced plasmas. Wavelength values of 
122.005 A and 113.930 A with an uncertainty of 
± 0.005 A are taken from the measurements of Ref. 64. 

Feldman et al. (1973t9 reported the most extensive set 
of measurements of the arrays 2Y2p6-2Y2ps3s, 
2ps-2p43s and 2ps-2p43d in the range of 19-23A, 
compared with the earlier works of Fawcett (1965)30 and 
Cohen et ale (1968)14. We give the Feldman et ale results, 
which have an uncertainty of ::!: 0.01 A. Three additional 
lines at 19.91 A, 19.45 A, and 19.38 A, belonging to the 
2ps - 2p 43d array, in Ref. 14 have been excluded because 
these lines were not reobserved in Ref. 49. 

V XVI (0 sequence) 

Finkenthal et al. (1984)S2 identified the magnetic
dipole transitions 2p 4 3P2 - 3Pl and 3PI - ISO at 
2042.7 ± 0.8 A (in air) and 529.9 ± 0.2 A, respectively, in a 
tokamak plasma. 

Identifications of the triplet array 2Y22p4 3p - 2Y2ps 3po 
and the singlet IS _Ipo and 10 - Ipo transitions were 
made by Fawcett (1971)~6 and Doschek et al. (1974)17, 
comprising eight lines in the range of 108 -141 A. In ad
dition, the line at 138.17 ± 0.02 A was identified by 
Fawcett et al. (1974t l as the 2Y2ps Ipf - 2p6 ISO transition. 
All the lines were remeasured by Kaufman et al. (1982)64, 
as produced in a laser-produced plasma. They identified 
four spin-forbidden transitions: 2Y22p4 102-2Y2ps 3p~ at 
156.060 A, 3PO.2- IPY at 100.440 A, 95.640 A, and 2Y2p5 
3pf - 2p6 ISO at 103.043 A. The uncertainty of the wave
lengths is ± 0.005 A. The observed levels of 2Y 22p 4 3p I 
and lSo agree with those from the above magnetic-dipole 
lines within the experimental uncertainties. 

The 2p4 - 2p 33s array was first identified by Goldsmith 
et al. (1971 )SS, whose wavelengths were remeasured more 
accllTately by Doschek I't of. (1973Y6 with an uncertainty 
of ± 0.01 A. The wavelengths of Ooschek et al. are 
adopted here, although most of the classifications are 
characterized as ambiguous. The line, 2p 4 

102-2p3epO)3s IPt, at 20.082A in Ref. 55 has been 
omitted, because it does not fit with the results quoted 
here. 
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Analysis of the '2p 4 - 2p 33d array was made by 
Goldsmith et al. (1971)55, Fawcett (1971)36, and Fawcett 
et al. (1974)40. They were reobserved with a laser
produced plasma source by Fawcett and Hayes (1975)42. 
We adopt the latter results. Additional identifications 
were made by Bromage and Fawcett (1977)9 of the 
3P1 - epO)3DY and ID2 - epO)IA lines at 18.12 A and 
18.265 A. 

V XVII (N sequence) 

The 2s 22p 3 - 2s 2p4 array was found in the range of 
102-160 A by Fawcett (1971f6, by Fawcett et ale 
(1974)4\ and by Ooschek et al. (1974)17, who in addition 
assigned six new lines to this array. Feldman et al. (1975)50 
observed the transition 2D~12 - 2S1l2 at 113.78:!:: 0.02A. 
Fawcett et al. (1974t1 also identified the doublets 2s2p4 
2D,2p - 41 5 2po. The 2Pl12 - 2PY12 line at 151.69 A was re
vised as 165.32±0.015 A by Fawcett and Hayes (1975t2

• 

Ooschek et al. (1975)19 identified the 20312 - 2P312 line at 
129.94 ± 0.015 A. New observations of the above transi
tion arrays were made by Kaufman et al. (1982t5 in the 
range of 96-168 A, using a laser-produced plasma. Im
proved wavelengths are reported for the 22 allowed lines 
observed previously. They added several 'h;'2p4 _ 2p5 
lines, 2P312 - 2PY12 at 151.656 A and 2S112 - 2P3!2 at 157.070 A, 
as well as the spin-forbidden 2s 22p3 4S~/2 - 2s2p4 2P312 line 
at 96.270 A. Their wavelength uncertainty is ± 0.005 A. 
We give these results. 

The 2p3 - 2p 23d transitions at -17 A were observed by 
Fawcett (1971)36, Fawcett et al. (1974)40, and Fawcett and 
Hayes (1975)42 with laser-produced plasmas. The 2p3 
2P312 - '2p2CP)3d 20512 line at 17.644 A has been omitted 
bp.cause of the inconsistency with the 2p3 2D~/2 - '2p2CP)3d 
2D5/2 line at 17.373 A. 

V XVIII (C sequence) 

Finkenthal et al. (1984)52 identified the magnetic
dipole transitions 2s22p2 3pz -- IDz and 3Pl ISu at 
1078.2 ± 1.4 A and 434.2 ± 0.2 A, respectively, in a toka
mak plasma. The latter line tentatively identified is 1.4 A 
longer than wavelength recalculated from the levels. 

The 2s 22p2 - 2s2p3 array was observed in the range of 
111-177 A by Fawcett et al. (1974)41 and by Feldman 
et al. (1975)50 and Fawcett and Hayes (1975)42. Fawcett 
and Hayes also first identified three lines of the 2s2p3 
3Do - 2p 4 3p triplet in the range of 127 - 139 A. Measure
ments in the range of 136 - 217 A using a laser-produced 
plasma was reported by Fawcett et al. (1980)44, who gave 
identifications for 13 transitions including the 2s 22p2 
3p_2s2p3 3po and 2s2p3 3pO_2p4 3p. Improved measure-
ments were made by Sugar et al. (1982)79 for 16 allowed 
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lines of these arrays and spin-forbidden transitions. The 
2s22p2 3P2-2s2p3 10~ line at 119.015 A and the 3p1_ 1py 
at 102.410 A were newly identified. We give their results 
with an uncertainty of ± 0.005 A. Wavelengths with one 
or two decimal places are taken from Refs. 41, 42, and 44. 
Designations of the 2s2p3 3DY-2~4 3po transition at 
127.27 A and the 3py_ 3po at 147.30 A are revised as the 
2s2p3 30Y_2p4 3P1 and 3p8- 3pt, respectively, to fit with 
level scheme adopted. 

The 2s22p2-2s22p3s, 3d and 2s2p3_2s2p23s, 3d tran
sitions were reported by Goldsmith et al. (1972)57 in the 
range of 16 -18 A observed with a vacuum spark. Their 
measurement uncertainty is ±O.OOS A. The 2s2p3 sS2 
level of 366 868 cm -1 is adopted from predicted values 
along an isoelectronic sequence by Edlen (1985)86. An 
analysis of the Zsz2pz-Zsz2p3d transitions was made by 
Bromage and Fawcett (1977)10 with the spectrum mea
sured by Fawcett et al. (1974)40 and Fawcett and Hayes 
(1975)42. They confirmed the classifications 3pz - 3D~ at 
16.378 A and 102 - IA at 16.460 A in Refs. 40 and 42, and 
also identified the ISO - IPf and 102 - 3~ lines at 16.787 A 
and 16.914 A, respectively. The classifications of Gold
smith et al. (1972)57 for the lines at 16.423 A and 16.816 A 
have been omitted. They contradict those of Fawcett and 
Hayes (1975)42 and Bromage and Fawcett (1977)10. 

V XIX (B sequence) 

The magnetic-dipole transition 2Pf12 - 2P312 at 
1457.6±0.9 A within the ground 2s 22p configuration was 
observed in a tokamak plasma by Finkenthal et al. 
(1984)52. 

Fawcett et al. (1974)41 identified seven of the 
2s22p - 2s 2p 2 transitions in the range of 124 -186 A. 
Their identification of 2po - 20 was revised by Fawcett 
and Hayes (1975)42, who also identified the three lines of 
the 2s 2p 2 4p - 2p 3 4S0 quartet in the range of 143 - 158 A 
using a laser-produced plasma. The uncertainty of wave
lengths quoted here is ± 0.015 A. The 2s'2p2 - 2p3 dou
blet was measured by Fawcett et al. (1980)44 with an 
uncertainty of ± 0.05 A in a similar light source. 

Fawcett et al. (1974)40 and Fawcett and Hayes (1975)42 
identified the 2s2p2-2s2p3d, 2s 22p -2s23d, and 
2s22p -2s2p3p transitions in the range of 14-16 A in a 
laser-produced plasma. The uncertainty of the wave
lengths is ± 0.007 A except for the blended line at 
15.63 ± 0.01 A. 

v xx (Be sequence) 

The 2s 2p - 2p 2 transitions, including the spin
forbidden 3p~ - ID2 transition at 164.59 ± 0.05 A, were 
identified by Fawcett et al. (1980)44 in the range of 
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164 - 282 A using a laser-produced plasma. The 
2s2 ISo- 2s 2p Ip~ resonance transition at 159.355 A has 
been taken from the smoothed wavelengths of Edlen 
(1981)27. 

The n = 2 - 3 transition arrays in the range of 14 -16 A 
were measured by Fawcett et al. (1974)40, Fawcett and 
Hayes (1975)42, Boiko et al. (1977f, and Boiko et al. 
(1978)8 in laser-produced plasmas. Bromage et al. 
(1978)11 reported their measurements with no uncertainty 
estimate for the 2s2 -2snp, 2s'2p -'2pnp, 2s2p -2snd, 
and 2p 2 - '2pnd transitions with n = 3 and 4 in the ranges 
of 14 -16 A and 10 -12 A, respectively. We adopted 
their results except for the 2s '2p 3p~ - 2s 3d 3D3 line at 
14.976 ± 0.007 A taken from Ref. 40. The difference be
tween wavelengths in Refs. 11 and 40 is ±0.02 A at most. 

V XXI (Li sequence) 

Fawcett et al. (1980)44 identified the resonance 
transition 2s 2S112 - 2p 2P~12 at 240_37 ± 0_05 A in a laser. 
produced plasma, and Goldsmith et al. (1972)56 reported 
the 2s - 3p, 4p and '2p - 3s, 3d, 4d transitions. Extensive 
measurements along Rydberg series were made by 
Aglitskii et al. (1975)3 in a laser-produced plasma. They 
identified the 2s - np (n = 3 -7), '2p - 3s, and 2p - nd 
(n = 3 - 8) transitions in the range of 8.5 - 15 A with an 
uncertainty of ± 0.003 A. Many of the doublets with n = 4 
are identified with blended lines. 

Identifications of transitions from doubly excited levels 
were reported by Aglitskii et al. (1974)1, (1974)2 and 
Boiko et al. (1978)8 for Is22p -ls?/J2 and ls22s -ls2s'2p. 
The lines at 2.3992 A and 2.4140 A were identified as the 
blends of three lines of the transitions Is 22p 2po - Is 2p 2 2p 
and of seven lines of Is 22p 2po - ls'2p 2 4p and Is 22s 
2S-lseS)2s2pepO) 4po, respectively. The uncertainty of 
the wavelengths is ± 0.0005 A. Using an electron-beam 
trap technique, Beiersdorfer et al. (1991)85 resolved 10 
lines, one of which at 2.3912 A. is a blend of two lines. The 
wavelength uncertainties range from ± 0.0001 A to 
± 0.0003 A. Their results are given here. 

V XXII (He sequence) 

Ground state: ls2 ISo 

Calculated energy levels of the configurations lsnl with 
I =s, p, and d have been taken from Drake (1985)20 and 
(1988)21 for n = 2 - 3. For the levels with n = 4 - 5, calcu
lations of Vainshtein and Safronova (198S)8O have been 
tabulated after adjusting them by about 1300 cm -1 to the 
ground state binding energy obtained by Drake. This 
value is the arithmetic mean value of the difference be
tween the levels given in the above articles for 3s, 3p, and 
3d. Wavelengths are calculated from the energy levels by 
the Ritz combination principle. 

Aglitskii et al. (1974)1 and (1974)2 identified the reso
nance transitions Is2 ISo-1s'2p 3.lp~ at 2.3939 ± 0.0005 A 
and 2.3823 ± O.OOOS A in a laser-produced plasma. Morita 
and Fujita (198Sf4 and Aglitsky et at. (1988)4 remeasured 
the latter line at 2.3820 ± 0.0004 A and 
2.38175 ± 0.00025 A, respectively, in vacuum sparks. 
Beiersdorfer et al. (1989)6 measured the ls2 ISo-1snp Ip~ 
(n = 2,3) transitions at 2.38190 ± 0.0001 A and 
2.02627 ± 0.00012 A in a tokamak plasma. In a recent 
measurement with an electron-beam ion trap technique, 
Beiersdorfer et al. (1991)85 identified three new 
intercombination and forbidden lines from the ls 2p 3p~.0 
and Is2s 3S1 levels to the ls2 ISo ~round state at 
2.38943 ± 0.00010 A, 2.39338 ± 0.00010 A, and 2.40564 
±0.0014 A. The line from levells2p 3p8 is blended with 
that from level Is2p 3pf. 

We adopt an uncertainty of 5 parts in lOS, representing 
the difference between the calculated values of Drake 
and those determined experimentally by Beiersdorfer 
et al. 

V XXIII (H sequence) 

Ground state: Is 2S112 

No observations of this spectrum have been reported. 
We have tabulated the wavelengths calculated from the 
theoretical energy levels of Johnson and Soff (1985)58 for 
the n =2 shell whose estimated uncertainty is ± 10 cm- I. 
Their energy differences are in close agreement with 
those of Mohr (1983)72. The levels for n = 3 - S have been 
calculated by Erickson (1977)29. We use his values for the 
binding energies subtracted from the binding energy of 
the ground state obtained by Johnson and Soff. Our esti
mate of the error in the value of 3s is ± 30 cm -1, assuming 
the Lamb shift scales as lin 3 and Erickson's error for 2s 
is 100 cm- I • 

Transition probabilities and oscillator strengths were 
obtained by scaling the data tabulated for hydrogen 
spectra by Wiese et al. (1966)83. The scaling was actually 
performed for the line strengths S. which for a hydrogen
like ion of nuclear charge Z are reduced according to 
Sz = Z -2SH , so that 

The f and A values were then obtained from the usual 
numerical conversion formulas, given for example in Ref. 
71. For these conversions the very accurate wavelengths 
listed in the first column of the V XXIII table were used, 
in which relativistic and OED effects in the energies were 
taken into account. Relativistic effects in the line 
strengths are only of the order of 1-3% for V XXIII, ac
cording to the work by Younger and Weiss (1975)84, and 
have been neglected. 
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3. Explanation of Tables of Int. 
Spectroscopic Data 

V VI, V XXIII, etc. 
According to spectroscopic convention, V I indi
cates the first spectrum, i.e., the spectrum of the 
neutral atom; V II denotes the second spectrum, 
belonging to the singly ionized atom; and so on. gf 

H sequence, C sequence, etc. 

IP 

C,T,P 

Indicates that the respective V ion has the same 
number of electrons as neutral hydrogen, neutral 
carbon, etc. 

Principal ionization energy of the tabulated ions 
in cm- 1 (eV). 

Wavelength of listed spectral lines in Angstrom 
units (10-Scm). 

Superscripts to the right of a wavelength value 
have the following meanings; 

C wavelength calculated from energy level data 
using the Ritz comhination principle. 

T wavelength tentatively identified. 
P wavelength predicted along a isoelectronic 

sequence. 

Classification 

A 

Acc 

Approximate intensity of a spectral line, gener
ally visually estimated from the blackness (or 
density) of the line on photographic plates. In 
case where its gf-value is available, the intensity 
data is sometimes omitted. The symbol "'bl" fol
lowing the intensity denotes a blend of lines. 

This column lists the product of the statistical 
weight of lower level and the absorption oscilla
tor strength or f -value for electric dipole transi
tions. 1.23 -1 means 1.23 x 10-1./-values are not 
given for magnetic-dipole (M1) transitions. 

Radiative transition probability in S-l. 1.23+ 11 
means 1.23 x 1011. 

Accuracy estimate for the oscillator strength and 
transition probability data, taken from the NIST 
reference tables on atomic transition probabili
ties (see, e.g. the introduction of Ref. 11 for de
tailed explanation). The accuracy is indicated by 
the folluwing letter symbols, whidl are identical 
with the notation used in the NIST reference 
book: 

A for uncertainties within 3%. 
B for uncertainties within 10%. 
C for uncertainties within 25%. 
D for uncertainties within 50%. 
E for uncertainties greater than 50%. 

Standard spectroscopic designation for lower 
(first) and uppcr levels generating the spectral 
lines; electronic configurations followed by the 
term in LS -, jj - or jK -coupling notation. The su
perscript "0" on the term indicates odd parity. A 
term enclosed in parentheses refers to an inter
mediate state. Where only the total angular mo
mentum J is given in successive listings, the 
preceding configuration and term labels apply. 

References 

Energy Levels 
Level values (in em-I) for lower (first) and upper 
(second) level of the transition. A symbol ? after 
the level value indicates level was derived from a 
tentatively classified line. Theoretical levels are 
given in square brackets. The symbol + x follows 
a predicted energy level value and denotes the 
error in the estimate. All levels with + x in the 
same ion have the same systematic error. 
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Reference sources for the data. The numbers are 
keyed to the bibliographic listing following the 
tables. When several references are listed. they 
are distinguished by superscripts on the numbers 
as follows: 

° reference from which the adopted 
wavelength value is taken. 

* reference containing the adopted oscillator 
strength and/or the transition probability. 

~ reference from which the estimated 
intensity is taken. 
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4. Spectroscopic Data for V VI through V XXIII 

v VI (Ar sequence) Ionization Energy = 1033400 cm- I (128.13 eV) 

). (A) Classification Energy Levels (cm -I) Int. gf A (8- 1) Acc. References 

1629.786 3s23p6f~fl)4s 2[112]0 3s 23p 6fP")4p 3Dl 553820.1 615177.8 6 28 

1590.506 3s23p6f~fl)4s 2[%n 3s 23p sfP")4p IPI 557636.1 620509.2 9 28 

1584.942 3s23p 5fP"an)4s 2[%n 3s23p 5fP')4p 3D2 549298.8 612392.8 10 28 
1517.931 549298.8 615 177.8 9 28 
1515.020 546284.0 612289.7 12 28 
1512.655 546284.0 612392.8 9 28 
1451.517 546284.0 615 177.8 6 28 

1536.373 3s23p6f~n)4s 2[1hn 3s23p 5fP")4p ID2 557636.1 622724.5 10 28 

1516.104 3s23p5f~fl)4s 2[l/2n 3s23p 5fP")4p ap
l 557636.1 623594.5 8 28 

1433.189 553820.1 623594.5 5 28 

1466.460 3s23p 5fP'an)4s 2[%li 3s23p SfP')4p aP2 549298.8 617490.0 7 28 
1404.376 546284.0 617490.0 lObi 28 
1380.105 549298.8 621 757.1 5 28 
1293.483 546284.0 623594.5 4 28 

1460.991 3s2:3ptleP"anJ4d 2:[%]2 3s2:3plleP"anHf 2:[31212 709747.4 778 194.1 28 

1432.593 3s23psfP"an)4d 2[%]~ 3s23p 5fP"3flHf 2[%]a 709747.4 779550.9 2 28 

1426.335 3s23pSfP"an)4d 2[%1~ 3s23p sfP"3flHf 2[%1a 713742.3 783852.1 2 28 

1425.525 3s23p SfP"an)4d 2[1/2n 3s23pSfP"3fl)4f 2[%]2 708044.6 778 194.1 2 28 
1423.100 707280.3 777549.4 3 28 

1416.416 3s23p sfPOan)4d 2[%14 3s23p sfP"3flHf 2[%ls 710695.2 781 295.9 5 28 
1410.054 711 426.2 782345.4 3 28 

1408.381 3s23pSf~fl)4d 2[%]3 3s23p5f~flHf 2[%]4 720836.0 791 839.6 3 28 

1361.923 3s23p SfP"an)4s 2[%n 3s 23p SfP")4p ID2 549298.8 622724.5 3 28 

1334.039 3s23p sfPO)4p 180 3s 23p sfP"3fl)4d 2[%n 641800.3 716760.4 28 

1225.178 3s23p SfP")4p 180 3s23p SfPjfl)4d 2[%]i 641800.3 723421.6 3 28 

1194.950 3.s 23p "fP")4p 3rl as 23p !ifP"3fl)4tl 2(II2Jo 623594.5 707280.3 0 28 
1184.130 623594.5 708044.6 0 28 
1104.300 617490.0 708044.6 28 

1188.159 3.s23p s(lI"lfl)4s 2[Ihn as ~3p Y'P")4p ISO lju7630.1 641800.3 9 28 

1085.742 3s23p sfP")4p 3DI 3s23p SfP'3fl)4d 2[112]0 615 177.8 707280.3 28 

1083.917 3s23p 5(2J>O)4p 3P2 3s 23p sfP3rz)4d 2[%J~ 017490.0 709747.4 2 28 
1052.591 621 757.1 716760.4 0 28 

1057.438 3s.23p sfpo)4p 3Dl 3s23p sfP"3fl)4d 2[%]~ 615177.8 709747.4 0 28 
984.419 615 177.8 716760.4 0 28 
958.156 612392.8 716760.4 0 28 

1038.953 3s 23p sfP")4p IPl 3s23p sfp"3fl)4d 2[%1~ 620509.2 716760.4 0 28 

1029.044 3s 23p sfP")4p 3P2 3s23p sfP"3fl)4d 2[%13 617490.0 714667.9 5 28 

1027.219 3s 23p s(2P")4p lD2 3s 23p sfPjfl)4d 2[%1~ 622724.5 720074.9 0 28 
1019.249 622724.5 720836.0 5 28 
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VVI (Ar sequence) Ionization Energy = 1 033 400 cm- I (128.13 eV) - Continued 

). (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

1024.663 3s23p5fPj4p 3PI 3s23p5f~fl)4d 2[%]~ 623594.5 721 187.6 4 28 
1001.714 623594.5 723421.6 0 28 
983.632 621 757.1 723421.6 0 28 
964.341 617490.0 721187.6 0 28 

1016.204 3s23p 5fPj4p 3D3 3s23psfP"3,I2)4d 2[%]~ 612289.7 710695.2 7 28 
1009.758 612392.8 711 426.2 5 28 
1008.709 612289.7 711 426.2 0 28 

1014.565 3s23p5fP")4p 3DI 3s23psfP"3("l)4d 2[%1~ 615 177.8 713742.3 4 28 
986.681 612392.8 713742.3 1 28 
976.767 612289.7 714667.9 1 28 

1004.361 3s 23p 5fPj4p IP! 3s23p sf~fl)4d 2[%J~ 620509.2 720074.9 4 28 

971.700 3s23p 5fPj4p IPI 3s23p 5f~fl)4d 2[%11 620509.2 723421.6 0 28 

958.716 3s23p5fPj4p 3S1 3s23p 5fP"3,I2)4d 2[1/2]& 602974.3 707280.3 0 28 
951.753 602974.3 708044.6 2 28 

936.557 3s23p 5fPj4p 3S1 3s23p 5fP"3,I2)4d 2[%I~ 602974.3 709747.4 3 28 

826.458 3s23p 5fp")3d !~ 3s3p63d ID2 445435.6 566433.0 0 28 

640.135 3s23p5fPj4p ID2 3s23p se~fl)5s 2[1/211 622724.5 778944.0 28 

632.509 3s 23p 5fPj4p 3Dz 3s23psep"3,I2)5s Z[%)~ 612392.8 770494.5 0 28 
632.084 612289.7 770494.5 3 28 
627.627 612392.8 771 723.1 2 28 

631.164 3s23p sfPj4p IpI 3sz3pse~fl)5s 2[%I~ 620509.2 778944.0 0 28 

596.947 3s z3p 5fP")4p 3S1 3s23p s(2P"3,I2)5s Z[%J~ 602974.3 770494.5 28 

581.214 3s23p sfp")3d I~ 3s23p SfP")4p 3P2 445435.6 617490.0 0 28 
561.297 445435.6 623594.5 0 28 

571.190 3s23p 5fp")3d I~ 3s23p SfP")4p IPI 445435.6 620509.2 0 28 

509.260 3sZ3p SfP")3d I~ 3s23p SfP")4p 180 445435.6 641800.3 8 28 

500.644 3s 23p 5fP")3d 1l'1 3s3p63d 3D3 350644.5 550384.6 3 28 

496.985 3s 23p °fP")3d 3Ui 3silp°ad 3Ul il4S il25.iI 6495aS.O 1 28 
496.180 348325.3 549863.6 4 28 
495.940 347899.9 549538.0 3 28 
495.138 347899.9 549863.6 2 28 
494.909 ::J4S il25.::1 55U aS4.6 2 28 
489.360 345516.5 549863.6 0 28 
488.120 345516.5 550384.6 6 28 

488.462 3s1l3p6~p")3d ID2 3s3p G3d °D2 345139.4 049863.6 1 ~8 

487.217 345139.4 550384.6 0 28 

463.418 3s23p 5fp")3d 1l'3 3s3p63d ID2 350644.5 566433.0 6 28 

458.487 3s 23p SfP")3d 3Di 3s3p1l3d IDz 348325.3 566433.0 3 28 
452.660 345516.5 566433.0 3 28 

451.890 3sz3p SfP")3d IDi 3s3p 63d IDz 345 139.4 566433.0 7 28 

449.795 3s z3p 5fP")3d 31'2 3s3p 63d 3D! 327214.9 549538.0 8 28 
449.129 327214.9 549863.6 0 28 
444.634 324958.0 549863.6 9 28 
443.601 324958.0 550384.6 0 28 
439.344 322773.6 550384.6 10 28 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 283 

VVI (Ar sequence) Ionization Energy = 1 033 400 em -1 (128.13 eV) - Continued 

). (1) Classification Energy Levels (em-I) Int. gf A (5- 1) Ace. References 

420.940 3s23p IlfP")3d 3~ 3s3p l\3d 3Dl 311 977.9 549538.0 0 28 
420.370 :111977.9 549863.6 !'i 2R 
419.458 311977.9 550384.6 8 28 
416.418 309394.8 549538.0 4 28 
415.861 309394.8 549863.6 7 28 
414.273 308149.8 549538.0 6 28 

418.041 3s23p SfP")3d aF2 3s3p 63d lD2 327214.9 566433.0 0 28 

392.990 3s23p SfP")3d aP2 3s3p63d lD2 311 977.9 566433.0 0 28 

382.185 3s23p 5fPj3d lF3 3s23p 5fP»4p aDa 350644.5 612289.7 1 28 
382.049 350644.5 612392.8 4 28 

378.834 3s23p SfP")3d aD~ 3s23p 5fP»4p aDa 348325.3 612289.7 0 28 
378.687 348325.3 612392.8 3 28 
378.081 347899.9 612392.8 2 28 
374.851 345516.5 612289.7 5 28 
374.747 348325.3 615 177.8 1 28 
374.705 345516.5 612392.8 0 28 

371.523 3s23pSeP")3d 3D~ 3s23p 5 (:!P")4p ap2 348325.3 617490.0 3 28 
370.936 347899.9 617490.0 0 28 
367.683 345516.5 617490.0 9 28 
365.154 347899.9 621 757.1 4 28 
363.285 348325.3 623594.5 8 28 
362.717 347899.9 623594.5 2 28 

370.314 3s23psfpO)3d lD2 3s 23p sfP")4p 3Dl 345139.4 615177.8 2 28 

367.543 3sli:3p l>eP")3d lF3 3s:ll3pl>eP»4p JD2 350644.5 622724.5 9 28 

367.404 3s23p 5eP")3d 3Dz 3s23p 5fP»4p lPl 348325.3 620509.2 0 28 

367.173 3s 23p 5fP")3d lD~ 3s23p 5(:!P")4p 3P2 345139.4 617490.0 0 28 

363.153 3s23p sfP")3d JDz 3s 23p sfP»4p lP1 345139.4 620509.2 8 28 

360.741 3s1l3pr;~p")3d °Da 3s1l3pr;~p")4p lD2 345516.5 622 '/24.5 ~8 

360.250 3s 23p 5fP")3d lDz 3s 23p 5(2P»4p lD2 345139.4 622724.5 28 

350.181 3s !l3p ::;(!lP")3d 01'2 3s!l3p::;fl:"")4p :lUa a:nZ1UI 61Z ZI:S~.1 1 28 
350.659 327214.9 612392.8 3 28 
348.024 324958.0 612289.7 4 28 
347.911 324958.0 612392.8 10 28 
347.265 327214.9 615 177.8 8 28 
345.405 322773.6 612289.7 11 28 

343.646 3s23p 5fP")3d 3~ 3s23p5(2p»4p 3SJ 311 977.9 602974.3 9 28 
340.622 309394.8 602974.3 7 28 
339.187 308149.8 602974.3 6 28 

340.953 3s23p5(2P»3d 31'2 3s23p 5(2n4p lP l 327214.9 620509.2 4 28 

338.392 3s23p 5(ZP")3d aF2 3s23p 5(2p»4p lD2 327214.9 622724.5 1 28 
335.831 324958.0 622724.5 2 28 

332.984 3s 23p SfP")3d 3~ 3s 23p s(2P")4p 3Da 311 977.9 612289.7 0 28 
332.878 311 977.9 612392,8 0 28 
330.027 309394.8 612392.8 0 28 
329.810 311 977.9 615 177.8 1 28 

·325.097 308 149.8 615 177.8 0 28 
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VVI (Ar sequence) Ionization Energy = 1 033 400 cm- I (128.13 eV) - Continued 

A (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

327.322 3s23p6~P")3d 3P2 3s23p 6~P")4p 3P2 311 977.9 617 490.0 5 28 
324.575 309394.8 617490.0 3 28 
320.915 311 977.9 623594.5 4 28 
320.134 309394.8 621 757.1 3 28 
318.265 309394.8 623594.5 2 28 
317.006 308149.8 623594.5 0 28 

324.105 3s23p5fp")3d 3pZ 3s23p 5fp")4p 1Pl 311 977.9 620509.2 0 28 
321.425 309394.8 620509.2 0 28 

323.209 3s23p 6 ISo 3s23p 6fPj3d 3~ 0 309394.8 9 28 

321.810 3s23p 6~P")3d 3P2 3s23p 6~P")4p ID2 311 977.9 622724.5 3 28 
319.149 309394.8 622724.5 1 28 

287.440 3s23p 6 ISo 3s 23p 5fPj3d 3D~ 0 347899.9 11 2.1-3 5.7+7 E 28°,71-

231.893 3s23p 5fP")3d 3Di 3s23p5fP":wHf 2(%]3 348325.3 779550.9 0 28 
230.398 345516.5 779550.9 28 

231.646 3823p5fPj3d 11'3 3s23p5(lP":wHf 2(%]. 350644.5 782345.4 28 

230.841 3823v5(2P")3d l}i1 3s23v5(2~1I?)4f 2(7/?b 350644.5 783852.1 4 28 
229.856 350644.5 785705.4 1 28 

229.606 38 23p 5fP")3d 3Di 3s23p5~P":wHf 2[1Jzla 348325.3 783852.1 1 28 
227.172 345516.5 785705.4 5 28 

226.656 3s23p 5(lp")3d 11'3 3s23p6(l~flHf 2[1Jz]. 350644.5 791839.6 6 28°,81 

224.500 3s23p 6 ISo 3s 23p 6(lPj3d If'; 0 445435.6 15 3.30 1.46+ 11 C+ 28°,46,53, 
54,71-

224.052 as 23p 5fP")3d 3D3 3823p5f~rzHf 2[%1. 345516.5 791839.6 0 28°,81 

218.994 3s23p5rPj3d 3?z 3s23p5~P":wHf 2[%la 327214.9 783852.1 7 28°,81 

218.636 3s23p5fPj3d 31'3 3s23p 5(lP":wHf 2[%14 324958.0 782345.4 9 28°,81 
218.091 322773.6 781295.9 10 28°,81 
217.597 322773.6 782345.4 0 28 

214.495 3s23p5rp")3d 3P2 3s23p 5(lP":w)4f 2[%Jz 311977.9 778 194.1 2 28°,81 
213.604 309394.8 777549.4 3 28°,81 
213.313 309394.8 778 194.1 7 28°,81 
213.044 308 149.8 777549.4 6 28°,81 

213.871 3s23p 5~P")3d 3pZ 3s23p 5(lP":wHf 2l%la 311977.9 779550.9 8 28°,81 

182.050 3s23p 6 ISo 3s23p5CZP":w)4s 2[%n 0 549298.8 10 1.1-1 7.4+9 D 28°,66,71· 

179.330 3s23p 6 ISo 3s23p5~rz)4s 2[11z1~ 0 557636.1 13 3.1-1 2.1 + 10 D 28°,66,71. 

141.238 3s23p 6 ISO 3s23p6~P":w)4d 2[I/aU 0 708044.6 0 28 

139.518 3s23p 6 ISo 3s23p 5(lPO:w)4d 2[%n 0 716760.4 9 5,28° 

138.235 3s23p 6 ISo 3s23p 5(l~rz)4d 2[%U 0 723421.6 8 5,28° 

129.580 3s23p 6 ISO 3s 23p 6rp" :w)5s 2[%n 0 771 723.1 4 28°,66 

128.379 3s23p 6 ISo 3s23p 6rf';rz)5s 2[lhU 0 778944.0 3 28°,66 

118.767 3s23p6 180 3s3p64p 3~ 0 841980 8 63 

117.762 3s23p 6 180 3s3p64p l~ 0 849170 8 63 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 285 

VVI (Ar sequence) Ionization Energy = 1033400 cm- I (128.13 eV) - Continued 

). (A) Classification Energy Levels (cm - I) Int. gf A (8- 1) Ace. References 

98.319 3s23p6 ISo 3s3p65p 3P'i 0 1017100 4 63 

97.932 3s23p 6 180 3s3p65p IP'} 0 1021 120 4 63 

90.700 3s23p 6 180 3s3p66p IP'} 0 1 102540 6 63 

87.106 3s23p 6 180 3s3p67p IP'} 0 1148030 3 63 

85.071 3s23p 6 180 3s3p 68p IP'} 0 1 175490 63 

v VII (CI sequence) Ionization Energy ;;; 1 215 000 em-I (150.6eV) 

). Classification Energy Levels (em-I) Int. gf A (8- 1) Ace. References 

472.828 3s23p 5 2Pit.! 3s3p 6 281t.! 7668 219 162 6.94-2 1.04+9 C- 78°,82,71* 
41)6.284 m Itl 0 219 162 1.43-1 2.29+9 c- 78~,82,71+ 

241.91 3s23p 5 2Pitl 3s23p4(1D)3d 281tl 7668 421 050 5.92-1 3.38+ 10 C- 31°,71* 
237.50 m Itl 0 421 050 1.42 8.40+ 10 C- 31°,71* 

233.47 3s23p 5 2P'ltl 3s23p4CSP)3d 2Pm 7668 435970 31 
231.99 ttl Itl 7668 438770 31 
229.38 3J2 m 0 435970 31°,53,54 
227.88 312 IF'!' 0 438770 31 

225.79 3s23p 5 2P'itl 3s23p4(3P)3d 2D3tl 7668 450550 3.94 1.29+ 11 C 31°,53,54,71* 
225.16 m 5tl 0 444 130 6.24 1.37 + 11 C 31°,53,54,71* 
221.95 /Jill /Jill 0 150550 2.0-1 6.0+0 D 31°,71* 

183.46 3s23p 4(-lP)3d 4F7tl 3s 23p4(-lp)'\f 4G~tl 39°,45 
183.00 9tl lltl 39°,45 
182.43 5fl 7t.! 39°,45 

183.12 3s23p4(1D)3d 2G9t.! 3s23p4(lD)4f 2Hiltl 39°,45 

182.27 3.~23p 4caP)3d 4F712 3.~ 23p 4caP)4/' 2r.~ 39°,15 

177.20 3s23p 4~P)3d 4D7tl 3s23p4ePHf 4~tl 39°,45 

164.523 3.~23p5 21";12 3.~23p4(3p)A..~ 4Plill 7668 615490 0 26 
164.302 3J2 5tl 0 608640 1 26 
163.182 m 3t.! 0 612810 4 26 

163.135 3s23p 5 2P'it.! 3s23p 4caP)4s 2Pm 7668 620650 2 26°,82 
161.836 It.! Itl 7668 625570 4 26°,82 
161.122 3tl 3t.! 0 620650 6 26°,82 
159.855 3t.! It.! 0 625570 3 26°,82 

158.467 3s23p 5 2Pitl 3s23p4(1D)4s 2D3tl 7668 638710 6 26 
156.608 3tl 5fl 0 638540 7 26 

150.625 3s23p 5 2~f) 3s23p4(18)4s 28112 7668 671 570 2 26 
148.903 3t.! Itl 0 671 570 3 26 

127.08 3s23p 5 2Pitl 3s23p4(3P)4d 2Dm 7668 794570 4 34A,39°,45 
126.00 m 5t.! 0 793650 8 34A,39° 

124.24 3s 23p 5 2Pitl 3s23p4(1P)4d 28Itl 7668 812550 39°,45 
123.07 3J2 Itl 0 812550 39°,45 

123.03 3s23p 5 2Pitl 3s23p4(lD)4d 2Dm 7668 820440 4 3460,39°,45 
121.95 3t.! 5fl 0 820010 6 3460,39° 
121.89 3J2 m 0 820440 39°,45 
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V VII (CI sequence) Ionization Energy = 1215000 em- I (150.6 eV) - Continued 

Classification Energy Levels (em-I) Int. gf A (S-I) Acc. References 

122.60 o 815660 5 34~,39° 

117.2 o 853200 3 34 

V VIII (8 sequence) Ionization Energy = 1 399 000 em- 1 (173.4 eV) 

A (A) Classification Energy Levels (cm-I) Int. gf A (5- 1) Ace. References 

5128.8c 3s23p4 3PO 3s23p4 ID2 7579.6 27072 E2 3.9-4 E 71· 
4746.1c 6007.8 27072 Ml 2.6 E 71· 
3692.8c 0 27072 Ml 1.6+1 D 71* 

2978.Ic 3s23p4 ID2 3s23p4 180 27072 60641 E2 5.6 D- n· 
lR30.4C 3.~23p4 3Pl 3s23p4 ISo 6007.8 60641 Ml 1.9+2 E 71· 
1649.0c 0 60641 E2 5.9-1 E 71· 

472.839 3s23p4 3P1 3s3p 5 3pZ 6007.8 217486.3 12bl 35,78° 
465.493 75796 222405.6 7 93,95,78° 
462.112 6007.8 222405.6 6 33,35,78° 
459.799 0 217486.3 10 2.0-1 1.3+9 D 33,35,780 ,71. 
456.134 6007.8 225241.6 7 35,78° 
449.629 0 222405.6 8 33,35,78° 

459.647 3s23p4 180 3s3p 5 1P) 60641 278200 78 

398.204 3s23p4 1D2 3s3p 5 lp) 27072 278200 10 3.5-1 4.9+9 D 33,35,78°,71· 

359.454 3s23p4 3P2 3s3p 5 11"1 0 278200 0 78 

243.69 3s23p4 3P1 3s 23p 3fDO)3d 3pZ 6007.8 416330 8.7-1 2+10 D 31°,71· 
240.22 0 416330 3.6 8.3+ 10 D 31°,71· 

236.01 3s23p4 1D2 3s 23p 3fDO)3d ID~ 27072 450780 4.1 9.8+ 10 C 31°,71· 

231.33 3s23p4 3PJ 3s 23p 3(48°)3d 3Dz 6007.8 438300 54 
230.82 7579.6 440800 54 
230.12 0 434560 54 
230.00 6007.8 440800 54 
228.15 0 438300 54 

228.67 3s 23p4 ID2 3s 23p 3fDO)3d lF3 27072 464380 7.15 1.3+ 11 C 54°,71. 

224.83c 3s23p4 3Pl 3s23p3fD")3d lDz 6007.8 450780 9.9-2 2.6+9 D 71· 

159.24T 3s23p3CZDO)3d IG4 3s 23p 3eDO)4J IH5 45 

158.04 3s 23p 3fPO)3d 31'4 3s23p 3(2PO)4f 3G5 39°,45 

157.53 3s23p 3eDO)3d 3G~ 3s23p 3(2DO)4J 3Hs 39°,45 

155.45 3s23p33d 504 3s23p 34f 5F5 39°,45 
155.38 39°,45 
155.38 39°,45 

154.68 3s 23p3eDO)3d 31'4 3s23p 3(2DO)4f 3G5 39°,45 
154.55 39°,45 
154.42 39°,45 

147.126 3s23p4 3po 3s 23p 3(48°)4s 38'1 7579.6 687260 0 25 
146.789 6007.8 687260 1 25 
145.507 0 687260 2 25 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 287 

v VIli (S sequence) Ionization Energy = 1399000 cm- I (173.4 eV) - Continued 

X (A) Classification Energy Levels (em-I) Int. gf A (5- 1) Acc. References 

146.613 3s23p4 ISo 3s 23p 3(,!P")4s lPi 60641 742720 25 

1 44.65:J 3sz3p" ID2 3s&3pafD~)4S IDi 2'/ un '/HS 430 3 25 

142.247 3s23p4 3po 3s 23p 3('!DO)4s 3Dj 7579.6 710600 0 25 
141.924 6007.8 710600 0 25 
141.864 6007.8 710910 1 25 
140.665 0 710910 1 25 
140.451 0 711 990 3 25 

140.934 3s23p4 ID2 3s23p 3('!PO)4s 3P2 27072 736640 00 25 

139.730 3s23p4 ID2 3s 23p 3fP")4s I~ 27072 742720 25 

139.188 3s23p~ 3P2 3s !l3p 9rD~)4s ID2 0 718430 00 25 

137.491 3s23p4 3po 3s 23p 3(,!P")4s 3Pi 7579.6 734890 0 25 
137.316 6007.8 734250 0 25 
137.194 6007.8 734890 00 25 

136.867 6007.8 736640 0 25 
136.078 0 734890 0 25 
135.751 0 736640 1 25 

115.58 3s23p4 3PO 3s23p 3(4S0)4d 3D~ 7579.6 872780 39°,45 
115.42 6007.8 872 410 39°,45 
114.59 0 872680 39°,45 

113.92 3s23p4 ISO 3s 23p 3(4so)4d lPi 60641 938450 39°,45 

113.60 3sz3p4 ID2 3s 23p 3('!Dj4d ID~ 27072 907350 39°,45 

113.27 3s23p4 IDz 3s 23p 3fDO)4d IF3 27072 909920 39°,45 

111.44 3s 23p4 3Pt 3s z3p 3fDO)4d 3P2 6007.8 903350 45 

111.11 3s 23p4 3PI 3s 23p 3fDO)4d 3Dll 6007.8 905990 45 
110.55 0 904570 45 
110.38 0 905990 45 

V IX (P sequence) Ionization Energy 1660000 cm- I (205.8 eV) 

X Classification Energy Levels (cm- I ) Int. A (S-I) Acc. References 

4402.3c 3s23p 3 2DSt2 3s 23p 3 2Pit2 36319+x 59028+x E2 2.3-} D- 71-
4110.7c 

312 1t2 34708+x 59028+x Ml 1.6+ 1 D 71-
4014.lc 

5/2 312 36319+x 61224+x Ml 1.6+1 C 71-
3170.2c 

312 3J2 34708+x 61224+x Ml 3.4+1 C 71· 

2880.3(; 3s:':3p;J 4S:k 3s:':3p:f 2Dk 0 34708+x Ml 5.1 D 71· 
2752.6c 

312 512 0 36319+x Ml 1.2-1 E 71· 

1694.lc 3s 23p3 4S:lt2 3s 23p 3 zPit2 0 59028+x Ml 3.3+1 D 71· 
1630.3c 

3t2 312 0 61224+x MI 7.1 + 1 D 71· 

488.735 3s 23p 3 2P"312 3s3p4 zD6t2 61224+x 265835+x 7.6-2 3.5+8 D 78°,71· 
485.110 It2 312 59028+x 265160+x 2.8-2 2.0+8 D 78°,71· 

467.143 3s23p 3 4S3,.2 3s3p4 4P512 0 214067 2.0-1 9.9+8 D 33,35,78°,71· 
457.010 3t2 3J2 0 218814 1.3-1 1.1 +9 D 35,78°,71· 
452.132 3t2 It2 0 221 174 6.8-2 1.1 +9 D 35,37,78°,71. 
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v IX (P sequence) Ionization Energy = 1 660 000 crn - I (205.8 eV) - Continued 

A (A) Classification Energy Levels (ern-I) Int. gf A (5- 1) Acc. References 

437.005 3s23p3 2D~ 3s3p" 2Dm 36319+x 265160+x 8.4-3 7.3+7 E 78°,71-
435.699 512 512 36319+x 265835+x 3.1-1 1.8+9 D 35,78°,71-
433.930 m 3f2 34708+x 260 160+x 2.3-1 2.0+9 D 30,'{8",'{ 1· 
432.663c 3f2 512 34708+x 265835+x 6.4-3 3.8+7 E 71· 

409.097 3s23p3 2P0312 3s3p" 2P312 61224+x 305664+x 1 35,78° 
405.461 Itl 312 59028+x 305664+x 0 35,78° 
399.719 Itl m 59028+x 309210+x 2bl 78 

387.657 3s23p3 2P0312 3s3p" 2Sm 61224+x 319184+x 6 35,78° 
384.382 Itl Itl 59028+x 319184+x 0 35,78° 

371.271 3s 23p 3 2DSrz 3s3p" 2p3f2 36319+x 305664+x 8 35,78° 
369.064 3f2 3f2 34708+x 305664+x 2 78 
364.296 312 Itl 34708+a; 309210+a; 6 35,78ft 

276.08 3s 23p 3 2DSrz 3s23p2(1p)3d 2Pm 36319+x 398530+x 37 
270.38 312 Itl 34708+x 404560+x 37 

268.79c 3s23p3 2DSrz 3s 23p 2CSP)3d 4P512 36319+x 408350 2.7-2 4.2+8 E 71-
267.64c 312 512 34708+x 408350 6.4-3 9.9+7 E 71· 

265.36c 3s23p3 2P0312 3s23p2(1D)3d 2D512 61224+x 438070+x 3.3-1 5.2+9 D 71· 
265.Uc 3f2 3f2 61224+x 438420+x 1.4-3 3.3+7 E 71· 
263.58c Itl 312 59028+x 438420+x 1.7-1 4.1+9 D 71-

251.17 3c23p3 2~r& 3c23p2(ID)3d 2Plr.:l 60028-1. :& 462470 1:& 37 
253.21 3f2 3f2 61224+x 456150+x 1.6 4.1 + 10 E 37°,71· 
251.82 Itl 3f2 59028+x 456150+x 4.2-1 1.1 + 10 E 37°,71· 

248.91 3s23p3 2Dlltz 3s23p2(ID)3d 2Dna 36319+a- 438070+:& 2.5 1.1+10 D 37°,71· 
248.69c 512 312 36319+x 438420+x 2.6-1 6.9+9 D 71· 
247.92c m 512 34708+x 438070+x 1.1-1 1.9+9 D 71· 
247.70 3f2 3f2 34708+x 438420+x 1.7 4.7+10 D 37°,71· 

244.89 3s23p3 4San 3s 23p2CSP)3d 4P512 0 408350 3.6 6.7 + 10 D 32°,71· 
244.46 312 312 0 409060 2.5 6.9+10 D 32°,71· 
243.58 312 ltl 0 410540 1.2 6.9+ 10 D 32°,71· 

240.30 3s23p3 2po312 3s 23p2ep)3d 2D512 61224+x 477370+x 37 

238.19c 3s23p3 2D&n 3s23p2(1D)3d 2P312 36319+x 456150+x 3.3-2 9.7+8 E 71· 
237.28c 

O(l: O(l: 34708+x 456 150+x 1.5-2 4.6+8 E 71· 

235.72 3s23p3 2D&n 3s23p2(1P)3d 2F7tl 36319+x 460 550+x 5.5 8.3+ 10 E 53,54°,71· 

228.27c 3s23p3 "San 3s23p2(1D)3d 2D512 0 438070+x 3.8-3 8.2+7 E 71· 

140.31 3s23p2(lD)3d 2G9tl 3s23p24{ 2H'iltl 39°,45 
139.98 7tl 912 39°,45 

137.83 3523p23d 4F9tl 3s23p24{ 4G~ltl 39°,45 

134.54 3s23p3 2Pltl 3s23p2ep)4s 2P1tl 59028+x 802220+x 39°,45 
1:l:l.99 :w :w 61 224+.7.' R07570+.r. 39°,45 

131.22 3s23p3 2P0312 3s23p2(1D)4s 2D512 61224+x 823290+x 39°,45 
131.13 312 312 61224+x 823570+x 39°,45 

130.32 3s23p3 2Dan 3s23p2CSP)4s 2Pm 34708+x 802220+x 39°,45 
129.66 512 312 36319+x 807570+x 39°,45 

127.068 3s23»3 2D~ 3s 23» 2(1D)4s 2D!V9. 36319+x 823290+x 10 39.45.67° 
126.810 312 512 34708+x 823290+x 0 67 
126.765 312 312 34708+x 823570+x 5 39,45,67° 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 289 

V IX (P sequence) Ionization Energy ;::: 1 660 000 em- l (205.8 eV) - Continued 

A (A) Classification Energy Levels (em-I) Int. gf A (8- 1) Ace. References 

126.732 3s23p3 4S3tz 3s23p2(-lp)4s 4Pln 0 789070 5 39,45,67° 
126.152 312 312 0 792690 8 39,45,67° 
120.420 312 IiI2 0 797320 12 ::J9,45,67u 

88.48 3s23p 3 2DM! 3s23p 24d 4D7n 36319+x 1 166 518+x 45 

v x (Si sequence) Ionization Energy = 1 859 400 em- l (230.5 eV) 

). (A) Classification Energy Levels (em-I) Int. gf A (S-I) Acc. References 

4330.OC 3s23p23p2 3s 23p2 ID2 9421 32509 Ml 1.5+ 1 E 71* 
3528.9c 4180 32509 Ml 9.1 E 71* 

3119.9c 3s3p33Da 3s3p3 3~ 222 104 254 147 E2 1.3 D- 71* 
3101.5c 222 104 254 337 Ml 1.8+ 1 E 71* 
9042.0c 221072 253936 E2 3.1 D- 71* 
3033.8c 

0 220984 253936 Ml 2.3+1 E 71* 
3022.6c 221 072 254 147 E2 2.4-1 D- 71* 
3014.5c 220984 254 147 Ml 2.3+1 E 71· 
3005.3c 221072 254 337 Ml 1.4+ 1 E 71* 
2997.4c 220984 254337 Ml 4.2 E 71* 

2836.7c 3s23p21D2 3s23p2 ISO 32509 67751 E2 6.3 D- 71· 

1714.4c 3s23p23p2 3s23p2 180 9421 67751 E2 9.3-1 E 71· 
1573.0c 4180 67751 Ml 2.1+2 E 71* 

558.329c 3s3p33Da 3s23p3d 3D3 222 104 401 210 Ml 3.5+1 E 71* 

527.439 3s 23p2 IDa 3s3p3 3Da 32509 222 104 5.5-3 1.9+7 E 78°,71. 

472.672c 3s23p23P2 3s3p3 3D'1 9421 220984 7.7-4 7.7+6 E 71· 
472.476c 9421 221072 1.3-2 7.7+7 D- 71* 
470.183 9421 222 104 1.9-1 8.4+8 D 35,78°,71. 
461.245 4180 220984 2.6-2 2.7+8 D- 78°,71· 
461.059 4 180 221072 1.3-1 8.3+8 D 35,78°,71. 
452.522 0 220984 6.1-2 6.6+8 D 35,78°,71* 

408.630 3s23p23Pa 3s3p3 3pt 9421 254 147 5.5-2 7.4+8 D 35,78°,71* 
408.304 9421 254337 2.4-1 2.0+9 D 33,35,37,78°,71* 
400.390 4180 253930 0.0-2 2.6+9 C- 78",71· 
400.056 4 180 254 147 6.9-2 9.6+8 D 33,35,78°,71. 
399.719 4 180 254337 4.8-2 3.9+8 D 35,78°,71. 
393.469 0 254 147 5.7-2 8.2+8 D 33,35,78°,71. 

404.106 3s 23p2 IDa 3s3p 3 ID2 32509 279969 7 37,78° 

369.612 3s23p23p2 3s3p3 1D2 9421 279969 Ibl 78 

365.518 3s23p2 ISO 3s3p3 Ipt 67751 341335 35,78° 

323.811 3s23pz ID2 3s3p 3 Ipt 32509 341335 3bl 35,78° 

313.990 3s23p 23pz 3s3p3 3S'1 9421 327902 5 35,78° 
308.903 4 180 327902 2 35,78° 
304.974 0 327902 78 

301.283 3s23p23p2 3s3p 3 Ipt 9421 341 335 0 78 

271.22c 3sz3p21D2 3s23p3d 3D3 32509 401 210 5.0-2 6.5+8 E 71· 
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v x (Si sequence) Ionization Energy = 1 859 400 cm - I (230.5 eV) - Continued 

). (A) Classification Energy Levels (em-I) Int. A (5- 1) Ace. References 

265.70 3s23p23p2 3s 23p 3d 3~ 9421 385790 37 
262.04 4180 385790 37 
258.28 4180 391 340 37 
255.54 0 391 340 37 

255.54 3s23p23P2 3s23p3d 3Di 9421 400 740 32 
255.24 9421 401 210 3.5 5.2+ 10 D 32°,71· 
253.21 4180 399 130 32,37° 
252.17 4180 400 740 32 
250.53 0 399 130 32,37° 

245.35 3s23p21D2 3s23p3d Ira 32509 440090 3.5 5.5+ 10 C 32°,71· 

232.20c 3s23p23p2 3s 23p 3d IF& 9421 440090 4.9-2 8.8+8 E 71· 

124.40 3s23p3d 3~ 3s23p4{ 3GS 39°,45 

118.18 3s23p21D2 3s23p4s I~ 32509 878700 39°,45 

116.85 3s23p23P2 3s23p4s 3~ 9421 865200 39°,45 
115.78 9421 873100 39°,45 
115.58 0 865200 39°,45 
115.09 4180 873 100 39°,45 

94.96 3s23p21D2 3s23p4d 11"3 32509 1085600 39°,45 

94.23 3s23p23P2 3s23p4d 3D3 9421 1070600 39°,45 

V Xl (AI :requence) Ioni1:ation Enex-gy .... 2 002 000 em - I (255.7 eV) 

). (A) Classification Energy Levels (cm -1) Int. gf A (S-I) Ace. References 

515.796c 3s3p2 2P3J2 3p 3 2P1J2 311 890 505765 4.4-2 5.4+8 D 71* 
513.315 3,12 3,12 311 890 506702 2.8-1 1.7+9 D 77°,71· 
502.602 112 112 306801 505765 1.5-1 2.0+9 D 77°,71. 
500.248C 

112 3,12 306801 506702 6.6-3 4.5+7 E 71· 

464.421c 3s23d 2D5J2 3s3p(3PO)3d 2f05J2 377650 592972 3.5-2 1.8+8 E 71· 
462.802c 3,12 5J2 376897 592972 2.2-1 1.2+9 E 71· 
448.412c SJ2 712 377650 600659 3.7-1 1.6+9 E 71· 

461.146c 3s3p2 28112 3p3 2PjJ2 288914 505765 2.2-2 3.5+8 D 71· 
459. 162c 

112 3,12 288914 506702 1.6-1 1.2+9 D 71· 

455.994c 3s3p2 2D5J2 3p 3 2D3n 233778 453079 5.9-2 4.8+8 E 71· 
454.325 312 3,12 232972 453079 2.1-1 1.7+9 E 77°,71· 
453.162 5J2 5J2 233778 454450 3.8-1 2.0+9 E 77°,71· 
451.512c 

312 5J2 232972 454 450 3.4-2 1.8+8 E 71· 

447.881 3s23p 2P0312 3s3p2 2D3,12 9696 232972 1.2-2 9.6+7 E 33,78°,71· 
446.265 312 5J2 9696 233778 2.2-1 1.3+9 D 33,35,78°,71· 
429.232 It.! 3,12 0 232972 1.5-1 1.3+9 D 35,78°,71. 

375.528c 3s23d 2D5J2 3s3p(3PO)3d 2po3,12 377650 643942 1.1-2 1.3+8 E 71· 
374.469c 3t.! 3,12 376897 643942 1.4-2 1.6+8 E 71· 

367.516 3s23d 2D5t.! 3s3pepo)3d 2F1t.! 377650 649747 2.9 1.9+10 E 77°,71· 
365.070c 5t.! 5J2 377650 651 570 1.1-1 9.0+8 E 71-
364.073 312 5J2 376897 651 570 2.1 1.7+10 E 77°,71· 

366.670 3s3p2 2Dm 3p:l 2pYt.! 232972 505765 3.6-1 8.8+9 D 77°,71* 
366.403 5J2 :m 233778 506702 5.8-1 7.2+9 D 77°,71. 
365.323c 3,12 3,12 232972 506 702 7.2-2 9.0+8 D 71-
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358.846 
352.334 
347.787 

358.144 
346.123 

342.982 
342.982 

338.971 
338.681 
337.799c 

330.080 
330.913 
325.945 
320.626 

318.207C 

31O.761c 

305.913C 

302.479c 

301.l58c 

297.909c 

296.612c 
293.460c 

299.548 
298.960 

294.395c 

281.668 
278.824 

280.488c 

279.778 
276.541 
275.869 

278.401c 

277.778 
272.568 

277.778 
276.963 
273.888 

275.424c 

271.572 
267.658 
267.249 
264.624c 

272.332 
271.773 
265.324 

269.828 
269.718 
266.675 
266.202 
265.988 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 291 

V XI (AI sequence) Ionization Energy = 2062000 cm- 1 (255.7 eV) - Continued 

Classification 

Ifl 

3s3prP")3d 21"'312 

3s 3p rP")3d 2D~ 

312 

3s 3p rP")3d 21"'312 

Ifl 

3s 3p e P")3d 2Pifl 

312 

Ifl 

312 

3s3p(lP")3d 2Dm 

51l 

31l 

3s 3p eP")3d 4~fl 

5fl 

312 

Ifl 

III 

5fl 

Ifl 

312 

5fl 

Energy Levels (em - 1) 

184963+x 
179812+x 
176101+x 

. 9696 
o 

377650 
376897 

376897 
377650 
376897 

9696 
9696 

o 
o 

233778 

233778 

179812+x 
176101+x 

311 890 
311 890 
306801 
306801 

233778 
232972 

311 890 

288914 
288914 

311 890 
311 890 
306801 
306801 

233778 
232972 
233778 

311 890 
311 890 
306801 

184963+x 
179812+x 
176101 +x 
179812+x 
176101 +x 

9696 
9696 

o 

184963+x 
184963+x 
176101+x 
179812+x 
179812+x 

463634+x 
463634+x 
463634+x 

288914 
288914 

669304 
668411 

671 911 
672931 
672931 

a06801 
311 890 
306801 
311 890 

548039+x 

555569+x 

506702 
506702 

643942 
647563 
643942 
647563 

567614 
567465 

651 570 

643942 
647563 

668411 
669304 
668411 
669304 

592972 
592972 
600659 

671 911 
672931 
671 911 

548039+x 
548039+x 
549712+x 
553995+x 
553995+x 

376897 
377650 
376897 

555569+x 
555721 +x 
551089+x 
555467+x 
555721 +x 

Int. gf 

9.6-1 
6.6-1 
3.4-1 

9.2-2 
3.2-1 

A (S-I) Ace. References 

1.2+10 
8.9+9 
4.6+9 

2.4+9 
8.8+9 

D 35,70°,71* 
D 35,70°,71* 
D 35,70°,71* 

D 33,35,78°,71* 
D 33,35,78°,71* 

77 
8.0-1 2.3+10 D 77°,71* 

77 
1.4 1.4+10 E 77°,71* 
5.2-2 5.1+8 E 71* 

4.8-1 
1.62 
4.4-1 
3.28-1 

1.4+ 10 D 33,35,78°,71* 
2.47+10 C- 33,35,78°,71* 
1.4+ 10 D 33,35,78°,71* 
5.3+9 C- 33,35,78°,71* 

3.1-2 3.4+8 

1.2-2 1.0+8 

8.0-3 1.4+8 
3.4-3 6.2+7 

4.9-1 
1.0-1 
5.0-2 
4.4-1 

9.1+9 
3.8+9 
9.3+8 
1.7+10 

D 71* 
D 71* 
D 71* 
D 71* 

77 
77 

5.4-3 6.9+7 E 71* 

1.3 2.7+10 D 77°,71* 
3.6-1 1.5+ 10 D 77°,71* 

1.47- 1 6.24 + 9 C - 71* 
77 

1.5-1 6.7+9 D 77°,71* 

9.6-2 
7.2-1 
1.1 

3.2 

2.5-1 
1.1 

4.8-1 
5.6-2 

2.6-1 
2.1 
1.1 

2.84 
1.3 
6.2-1 

7.2-1 

1.4+9 
1.0+ 10 
1.2+ 10 

4.6+ 10 

3.7+9 
1.7+10 

2.2+ 10 
2.6+9 

5.8+9 
3.2+ 10 
2.7+10 

77 

E 71· 
E 77°,71· 
E 77°,71· 

D 71· 
D 77°,71· 

77 
E 77°,71· 
E 71· 

D 77°,71* 
D 54,77°,71· 
D 54,77°,71· 

3.25+10 c- 77°,71* 
1.9+ 10 D 77°,71* 
2.9+10 E 77°,71* 

77 
1.1+10 D 77°,71· 
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V XI (AI sequence) Ionization Energy = 2 062 000 cm -1 (255.7 eV) - Continued 

x (A) 

241.202C 

240.560C 

240.333 
239.354c 
238.892 

229.653C 

213.748c 

119.36 
119.28 

112.76 
112.63 
112.34 

107.57 
106.42 

106.00 
105.34 
10&.03 
104.74 

87.868 
87.100 

x (A) 

696.083C 

609.20 

562.25 

522.4 

502.147C 

500.448c 

499.38 
490.08 
488.47 
476.78 

421.02 

411.05 
398.498c 

397.72 

409.64 

408.65 
399.70 
398.624c 
397.72 

Classification 

3s3p" "D:v,iI 

3s3pSd 4f';fl 

lifl 

9fl 

3s3p lPj 

3s 3p epo)3d 2~12 

3s 3p rpo)3d 2Pifl 

3s 3p caPO)3d 2f';fl 

v XII (Mg sequence) 

Classification 

3pSd 31'2 

3v3d l~ 

3pSd 3~ 

J. Phya. Chern. Ref. Data, Vol. 21, No.2, 1992 

Energy Levels (em-I) 

288914 

232972 

184963+x 

233778 
233778 
232972 

232972 

176101+x 

371650 
376897 

668411 

647563 

600659 

649747 
651570 
651570 

668411 

643942 

1215500 
1215300 

9696 939500 
o 939500 

184963+x 1 128 300+x 
184963+x 1134400+x 
176 1011-x 1 128300+x 
179812+x 1 134 400+x 

9696 1 147770 
o 1 147240 

Int. gf A (8-1) Ace. References 

2.6-1 1.2+ lO D 71-

4.4-4 2.6+7 

8.4-3 1.2+8 

1.5 
6.6-2 
1.1 

2.6-3 

3.0-3 

2.2+ 10 
1.3+9 
2.1+ 10 

1.7+8 

1.1+8 

E 71* 

E 71-

E 77°,71-
E 71* 
E 77°,71* 

E 71· 

38 
38 

38 
38 
38 

38 
38 

38 
38 
38 
38 

24 
24 

Ionization Energy == 2485000 cm- J (308.1 eV) 

Energy Levels (em-I) 

613354 

281 627 

281627 

o 

545 169 
544493 
544068 
545169 
544493 
545 169 

613354 

545 169 
544068 
544068 

281627 

544493 
545169 
544493 
544493 

757015 

445775 

459478 

191509 

744314 
744314 
744314 
749216 
749216 
754909 

850871 

788448 
795010 
795499 

525745 

789199 
795356 
795356 
795927 

Int. gf A (8-1) Ace. References 

1.9-1 5.2+8 

3.3-1 1.2+9 

1.4-3 

2.3-3 
1.2-1 
4.8-1 
1.5-1 
8.0-1 
1.25 

2.5 

1.9-1 

3.3-1 

9.8-1 
1.9-1 

1.1+7 

1.2+7 
6.1+8 
2.6+9 
5.8+8 
3.2+9 
4.06+9 

1.3+ 10 

8.0+9 

1.3+10 

5.8+9 
1.1+9 

D- 71-

69 

E 71* 
D 71* 
D- 35,69°,71. 
C 69°,71-
C - 35,69°,71. 
C 35,69°,71. 

69 
C- 71* 

69 

69 
c- 35,69°,71. 
C- 71· 

69 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 293 

v XII (Mg sequence) Ionization Energy = 2 485 000 cm-1 (308.1 eV) - Continued 

~ (A) Classification Energy Levels (cm -1) Int. gf A (S-I) Ace. References 

404.79 3s3p 3Pi 3p2 ID2 198737 445775 1.1-1 9.2+8 E 69°,71· 
393.30 191 509 445775 5.4-2 4.5+8 E 69°,71· 

402.90 3s3d 102 3p3d IP7 613354 861555 7.0-1 9.6+9 0- 69°,n· 

396.53 3s3p 3P2 3p2 3PI 198737 450927 3.9-1 5.5+9 C- 33,69°,71. 
392.53 191 509 446265 3.0-1 1.3+ 10 C 33,69°,71· 
385.47 191 509 450927 2.4-1 3.6+9 C 33,69°,71· 
383.53 198737 459478 1.0 9.3+9 0- 33,69°,71· 
380.78 188311 450927 3.2-1 4.9+9 C 33,69°,71· 
373.17 191 509 459478 3.3-1 3.2+9 0- 33,69°,71. 

382.462 3p3d IP7 3d2 102 861 555 1 123022 13°,76 

365.134 3p3d JF3 3dz lG4 850871 I 124757 2.93 1.63+ 10 C- 13°,68,76,71. 

355.07 3sz ISo 3s3p JP7 0 281 627 9.47-1 1.67+10 C+ 33,69°,71. 

334.9" 3p2 llJ2 ::Ip3Gt 31<'2 440 TID 744314 69 

330.78 3p3d 3~ 3dz 3Fz 795499 1 097824 13°,68 
322.513 788448 1098514 13°,76 

330.486 3p3d 30~ 3dz sFa 795927 1 098514 13°,68,76 
328.954 795356 1 099356 13°,68,76 
324.014 789 199 1 097824 13°,76 

321.30 3p2 102 3p3d 10~ 445775 757015 9.5-1 1.2+ 10 E 69",71· 

302.080 3p3d 302 3dz 3PZ 795927 1 126966 13 
301.46T 79535G 1 12G 9GG 13 
296.728 789 199 1 126208 13 

302.080 3p3d 3~ 3dz sPI 795499 1 126476 13 
301.680 795010 1 126476 13 
301.680 795499 1 126966 13 
295.841 788448 1 126476 13 
295.405 788448 1 126966 13 

301.45 3s3p I~ 3s3d 102 281 627 613354 2.2 3.2+ 10 D- 39,45,69°,71. 

297.73 3p2 ISo 3p3d I~ 525745 861 555 7.9-1 2.0+ 10 C- 69°,71· 

291.73 3pz 3PZ 3p3d 30a 459478 795356 1.9 2.1 + 10 E 35,69°,11. 
297.22 459478 795927 69 
291.60 446265 789 199 69 
289.85 450927 795927 69 

296.28 3p2 3PI 3p3d 3P2 450927 788448 69 
290.63 450927 795010 2.0-1 1.6+10 C- 69°,71· 
290.21 450927 795499 60 

290.31 3p3d 31'4 3d2 3F4 754909 1 099356 13°,68,76 
286.287 749216 1 098514 13°,68,76 
282880 744314 1 097824 13°,68,76 

289.577e 3s3p 3P2 3s3d 301 198737 544068 1.8-2 4.9+8 0- 71· 
289.22 198737 544493 2.7-1 4.4+9 C- 39,45.69°,71. 
288.65 198737 545169 1.53 1.76+ 10 c- 35,39,45,69°,71. 
283.64 191 509 544068 2.8-} 7.7+9 c- 69°,71· 
283.30 191 509 544493 8.4-1 1.4+10 c- 35,39,45,69°,71· 
281.09 188311 544068 3.7-1 1.0+ 10 c- 39,45,69",71· 

286.05 3p2 102 3p3d 3D3 445775 795356 69 

273.215 3p3d 102 3d2 102 757015 1 123022 13°,76 
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V xu (Mg sequence) Ionization Energy = 2 485 000 em - J (308.1 eV) - Continued 

). (A) Classification Energy Levels (cm - J) Int. gf A (s-J) Acc. References 

255.50 3p2 3P2 3p3d JF'& 459478 850871 69 

246.86 3p2 JD2 3p3d JF'& 445775 850871 1.15 1.8+10 E 69°,71. 

240.512c 3p2 JD2 3pad J~ 445775 861555 7.0-3 2.7+8 E 71· 

113.78 3s3d JD2 3s4J JF'& 613354 1 492100 38 

113.39 3pad JF'3 3p4J JG4 850871 1 732800 38 

108.93 3pad 3Da 3p4J 3F4 795356 1 713400 38 

107.83 3pad 3D3 3p4/' 3D3 795356 1 722700 38 

107.29 3p3d 3pt 3p4{ 3DJ 795499 1 727500 38 
107.25 795010 1 727500 38 

106.885 3sad 3D3 3s4{ 3~ 545169 1480800 24°,45 
106.820 544493 1480600 24°,45 
106.781 544068 1480600 24°,45 

105.74 3s3p Jpt 3s4s J80 281627 1227300 45 

105.49 3pad JD2 3p4J 3F3 757015 1 705000 38 

104.66 3p3d 3F'& 3p4J 3G4 749216 1 704700 38 
104.58 744314 1 700500 38 
104.45 754909 1 712300 38 

100.37 3p2 3PJ 3p4s 3pg 450927 1 447200 45 
100.13 459478 1 458200 45 

98.630 3s3p 3P2 3s4s 3SJ 198737 1 212500 24°,45 
97.938 191 509 1 212500 24°,45 
97.642 188311 1 212500 24°,45 

95.58 3p2 JD2 3s4J JF'3 445775 1 492 100 39°,45 

87.363 3s3p J~ 3s4d JD2 281 627 1426300 38,39°,45 

83.677 3p2 JD2 3p4d JF'& 445775 1640800 45 

83.134 3pll 3P2 3p4d 3D3 459478 1 662400 45 
82.844 450927 1 658000 45 
82.514 446265 1658200 45 

82.3481' 3pll JD2 3p4d 31"3 445775 1 660 l00? 45 

82.024 3p2 3P2 3p4d 3P2 459478 1 678600 45 

81.550 3s3p 3P2 3s4d 3D2 198737 1425000 24 
81.513 198737 1 425500 24°,45 
81.098 191 509 1 424500 24 
81.077 191509 1 425000 24°,45 
80.896 0 188311 1424500 24°,45 

76.960 3sad 3D3 3s5J 3~ 545 169 1 844500 24°,45 

76.307 3s2 J80 3s4p Jpt 0 1 310500 3.17-1 1.21 + 11 C- 24°,45,71. 

74.32 3s3p 3P2 3p4p 3D3 198737 1544300 45 

74.257 3s3p 3P2 3p4p 3PJ 198737 1545400 45 
73.978 198737 1 550600 45 
73.576 191 509 1550600 45 
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73.856 
73.474 

66.806 

65.848 
65.564 
65.445 

64.920 

61.921 

61.717 
61.455 

61.352 

59.092 

56.655 

56.53 

54.702 
54.493 

52.315 

51.208 

50.056 

49.226 

46.913 

45.071 

44.03 

43.358 

884.02C 

879.51c 
85 1.1 4c 

487.40c 

485.67c 

485.04c 

465.29c 

465.09c 

464.86° 

443.427 
422.784 

424.50c 

420.80c 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 295 

V xn (Mg sequence) Ionization Energy :;:; 2 485 000 cm -1 (308.1 eV) - Continued 

Classification 

3s3p 3pZ 

3s6! 3~ 

3s3p 3~ 

3s3p lIlY 

3s7! 3~ 

3s3p 3~ 

3s8! 3~ 

3s3p 3P2 

3s3p 3pZ 

!!sSp I~ 

3s3p 3pZ 

3s7p IP'j 

3s9p If': 

V xm (Na sequence) 

Classification 

5t.! 

3t.! 

Energy Levels (cm -I) 

198737 
191 509 

545 169 

198737 
191 509 
188311 

281 627 

545 169 

198737 
191 509 
188311 

545 169 

o 

198737 

198737 
191 509 

198737 

198737 

o 

198737 

o 

o 

o 

o 

1552600 
1552600 

2042000 

1 716900 
1 716900 
1 716900 

1 822000 

2 160100 

1 819000 
1818700 
1 818300 

2237400 

1 765 100 

1 967700 

2026800 
2026600 

2 110200 

2 151 600 

1997800 

2230200 

2 131 600 

2218700 

2271 200 

2306400 

Int. gf A (S-I) Acc. References 

1.04-1 7.2+ 10 C 

45 
45 

45 

45 
45 
45 

45 

45 

24°,45 
24",45 

45 

45 

45 

45 
45 

45 

45 

45 

45 

45 

45 

45 

45 

Ionization Energy ;: 2712 250cm- l (336.279 eV) 

Energy Levels (cm- l ) 

1392780 
1 392780 
1 3lHS 410 

1946230 
1 946500 
1 946230 

1967880 
1967990 
1 967880 

o 
o 

1 891 430 
1 889360 

1 505900 
1 506480 
1 b059UO 

2 151 400 
2 152400 
2 152400 

2 182800 
2 183000 
2 183000 

225520 
236530 

2 127000 
2 127000 

Int. gf 

2.0-1 
1.82.5+9 
1.02.4+9 

5.6-1 
1.00 
1.1-1 

2.9-1 
4.1-1 
2.0-2 

2.90-1 
6.10-1 

6.8-1 
3.34-1 

A (S-I) Ace. References 

4.2+8 
C 
c 

7.8+9 
7.1+9 
8.0+8 

2.2+9 
2.1+9 
1.0+8 

4.90+9 
5.69+9 

1.2+ 10 
6.3+9 

C 71* 
C 71* 
D 71· 

C 71* 
C 71* 
D 71+ 

B 33,39,45,75°,71* 
B 33,39,45,75°,71* 

C 71* 
C 71· 
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V XIn (Na sequence) Ionization Energy = 2 712 250 em-I (336.279 eV) - Continued 

~ (A) Classification Energy Levels (cm -I) Int. gf A (S-I) Ace. References 

402.58c 2p65d 2DSf.! 2p66f 2F"Sf.! 1 946500 2194900 1.7-1 1.2+9 D 71· 
402.25c 

5tz 7tz 1946500 2 195 100 3.51.8+ 10 C 71· 
402.14c 

312 6J2 1 946230 2194900 2.51.7 + 10 C 71· 

343.21c 2p 65p 2P"312 2p 66d 2D312 1 891 430 2182800 8.0-2 1.1+9 D 71· 
342.97c 

312 Sf.! 1 891 430 2 183000 7.2-1 6.7+9 C 71· 
340.79c 

Itz 312 1889360 2182800 3.98-1 5.7+9 C 71· 

327.55c 2p 65s 2Sltz 2p66p 2P1tz 1 846 100 2 151 400 1.45-1 4.50+9 C 71· 
326.48c 

Itz 312 1 846 100 2 152400 2.90-1 4.53+9 C 71· 

324.496 2p63p 2P"312 2p63d 2D312 236530 544700 1.35-1 2.13+9 B 33,75°,71· 
323.189 312 5tz 236530 545950 1.22 1.3+ 10 B 33,39,45,75°,71· 
313.305 Itz 312 225520 544700 7.00-1 1.19+ 10 B 33,39,45,75°,71· 

280.25c 2p65f 2~tz 2p67d 2D312 1 967880 2324700 4.7-2 1.0+9 D 71· 
280.lOc 

7tz Sf.! 1 967990 2325000 6.8-2 9.7+8 D 71· 
280.02c 

6J2 Sf.! 1 967880 2325000 3.4-3 4.8+7 E 71* 

278.40c 2p85d 2Dstz 2p 67p 2P"312 1 946500 2305700 1.69-1 3.63+9 C 71* 
278.19c 

312 Itz 1 946230 2305700 9.6-2 4.1+9 C 71· 
278.19c 

312 312 1946230 2305700 1.9-2 4.0+8 D 71-

260.78c 2p64d 2D3tz 2p65p 2P1tz 1505900 1889360 3.5-1 1.7+10 C 71· 
259.77c 

5tz 312 1506480 1 891 430 6.6-1 1.6+ 10 C 71· 
259.38c 

312 312 1 505900 1 891 430 7.2-2 1.7+9 D 71· 

259.07c 2p65d 2D5tz 2p67f 2F"Sf.! 1 946500 2332500 4.9-2 8.2+8 D 71· 
258.89c 

3tz 5tz 1946230 2332500 6.8-1 1.2+ 10 C 71· 
258.87c 

Sf.! 7tz 1946500 2332800 9.6-1 1.2+ 10 C 71· 

252.00c 2p 6t{f 2F"Sf.! 2p 65d 2D312 1 549410 1946230 1.1-1 3.0+9 C 71* 
251.97c 

7tz 5tz 1 549620 1946500 1.65-1 2.89+9 C 71* 
251.83c 

Sf.! 5tz 1 549410 1 946500 8.4-3 1.5+8 D 71· 

250.65c 2p 65p 2P3tz 2p67s 2SItz 1 891 430 2290400 1.28-1 6.8+9 C 71· 
249.35c 

Itz Itz 1889360 2290400 6.4-2 3.4+9 C 71· 

230.80c 2p 65p 2P"312 2p 67d 2D312 1 891 430 2324700 3.0-2 9.5+8 D 71· 
230.64c 

312 Sf.! 1 891 430 2325000 2.6-1 5.5+9 C 71· 
229.71c 

Itz 312 1 889360 2324700 1.5-1 4.6+9 C 71· 

~~3.Ulc 2p05j <lF5tz 2poBd <lD312 1 967880 2416300 1.8-2 5.9+8 D 71* 
222.96c 

7tz 6J2 1 967990 2416500 2.6-2 5.8+8 D 71· 
222.91c Stz Sf.! 1 967880 2416500 1.3-3 2.9+7 E 71· 

~2U.5I:1c 2po4p zP3tz 2p°5s <lS1tz 1 392780 1 846 100 4.8-1 3.2+ 10 C 71· 
218.49c 

Jt.! Jt.! 1 388410 1 846 100 2.4-1 1.7+10 C 71· 

218.53c 2p65d 2DSf.! 2p 68p 2P"312 1 946500 2404100 6.0-2 2.2+9 C 71-
2HS,4UC 

312 Itz I 946230 2404100 3.5-2 2.4+9 D 71· 
218.40c 

3tz 312 1 946230 2404100 6.8-3 2.4+8 D 71· 

216.73c 2p 64d 2D5t.! 2p 65f 2F5tz 1506480 1967880 2.1-1 5.0+9 D 71-
216.68c 

5tz 7tz 1 506480 1 967990 4.1 7.2+10 C 71· 
216.46c 

312 5tz 1 505900 1967880 2.8 6.7+ 10 C 71· 

21O.53c 2p 65d 2D5tz 2p 68f 2~tz 1946500 2421 500 4.3-1 8.2+9 C 71· 
210.53c 

Sf.! Sf.! 1 946500 2421500 2.2-2 5.4+8 D 71· 
210.41c 

312 5tz 1 946230 2421500 3.0-1 7.6+9 C 71· 

199.37c 2p 65p 2P"312 2p 68s 2S1tz 1 891 430 2393000 5.00-2 4.19+9 C 71· 
198.55c 

Itz Itz 1 889360 2393000 2.50-2 2.11 +9 C 71· 
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190.52C 

190.45c 

189.77c 

183.59c 

183.17c 

180.68c 

180.60c 

179.27c 

169.82c 
169.22c 

151.88° 
157.88c 

157.83c 

154.92° 
154.82c 

154.68c 

145.26C 

145.22c 
145.14c 

136.20c 
135.39c 

128.98c 

128.97c 

128.93c 

126.58c 

126.55c 

125.88c 

125.12c 
125.03c 

125.03c 

121.06c 

121.02c 

120.98c 

118.50 
l1ROR 
117.91c 

117.52c 
117.:U~C 

115.36c 

115.35c 

115.33c 

l11.41c 

111.33c 

111.33c 

109.29c 

109.29c 

109.22c 
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V XIII (Na sequence) 

Classification 

Till 

M 

llll 

Ionization Energy = 2712250 crn- J (336.279 eV) - Continued 

Energy Levels (crn- J) 

1 891 430 
1 891 430 
1889360 

o 
o 

1392780 
1392780 
1388410 

1300 490 
1300 490 

1 5496iW 
1 549410 
1 549410 

1505 YOU 

1506480 
1505900 

1006480 
1506480 
1505900 

1392780 
1 388410 

1 549410 
1549620 
1 549410 

1 392780 
1392780 
1 388410 

1506480 
1505900 
1505900 

1506480 
1 506480 
1505900 

544700 
545950 
544700 

1300 490 
1300490 

1549620 
1 549410 
1 549410 

1 392780 
1 388410 

1506 480 
1 505900 
1 505900 

1506480 
1506480 
1 505900 

2416300 
2416500 
2416300 

544700 
545950 

1946230 
1946500 
1946230 

1889360 
1891430 

2183000 
2182800 
2183000 

2 151 400 
2152400 
2 152400 

2194900 
2 195 100 
2194900 

2127000 
2127000 

2324700 
2325000 
2325000 

2182800 
2183000 
2182800 

2305700 
2305700 
2305700 

2332500 
2332800 
2332500 

1 388410 
1 392780 
1392780 

2 151 400 
2152400 

2416500 
2416300 
2416500 

2290400 
2290400 

2404100 
2404100 
2404100 

2421500 
2421500 
2421 500 

Int. gf 

1.5-2 
1.3-1 
7.40-2 

E2 
E2 

8.4-2 
7.6-1 
4.4-1 

1.4-1 
2.70-1 

2.7-2 
1.9-2 
1.4-3 

5.6-2 
1.0-1 
1.2-2 

5.0-2 
1.0 
7.2-1 

9.2-2 
4.4-2 

6.6-3 
9.6-3 
4.7-4 

3.1-2 
2.6-1 
1.5-1 

3.9-2 
4.0-3 
2.1-2 

2.1-2 
4.3 -1 
3.0-1 

1.6-1 
2.88······1 
3.1-2 

4.4-2 
8.8-2 

4.7-3 
3.2-3 
2.3-4 

3.6-2 
1.7-2 

1.8-2 
1.0-2 
2.0-3 

1.1-2 
2.2-1 
1.6-1 

A (s-J) Ace. References 

6.8+8 D 71· 
4.1 +9 C 71· 
3.43+9 C 71· 

4.89+5 C 71· 
4.89+5 C 71· 

4.4+9 D 71· 
2.6+10 C 71· 
2.3+ 10 C 71· 

1.6+ 10 C 71· 
1.57+10 C 71· 

1.2+9 D 71· 
1.3+9 D 71· 
6.1+7 E 71· 

7.9+9 C 71· 
7.2+9 C 11· 
8.1 +8 D 71· 

2.6+9 U 11· 
4.1+10 C 71· 
3.8+ 10 C 71· 

1.6+10 C 71· 
8.2+9 C 71· 

6.6+8 D 71· 
6.4+8 D 71· 
3.2+7 E 71· 

3.2+9 D 71· 
1.8+ 10 C 71· 
1.6+ 10 C 71· 

4.1+9 D 71· 
4.4+8 E 71· 
4.5+9 D 71· 

1.6+9 D 71· 
2.4+10 C 71· 
2.3+ 10 C 71· 

3.8+ 10 C 38°,71· 
3.461 10 C 38°,71· 
3.7+9 D 71· 

1.1+10 C 71· 
1.11 10 C 71* 

4.0+8 E 71· 
4.0+8 E 71· 
2.0+7 E 71· 

9.5+9 D 71· 
4.7+9 D 71· 

2.4+9 D 71· 
2.7+9 D 71· 
2.7+8 E 71· 

1.0+9 D 71· 
1.6+10 C 71· 
1.5+ 10 C 71· 
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107.31C 

107.27c 

106.80c 

99.978c 

99.543c 

99.655C 

99.634 
99.531 

97.702c 

97.683c 

97.28~ 

93.994 
93.025 

78.783 
78.746 
78.101 

74.368C 

74.321 
74.254c 

72.025 
71.799 

70.327c 

70.323 
70.262 

62.249c 

62.239c 

62.201c 

62.132 
61.705 

60.645c 

60.640 
60.596 

58.490c 

58.482 
58.116 

56.826C 

56. 786c 

56.786c 

55.974c 
55.967 
55.932 

53.817c 

53.781c 
53.781c 

53.318 
53.318c 

53.281 

52.928 
52.870 

v xm (Na sequence) 

Classification 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 

SHIRAI ETAL 

Ionization Energy = 2712250 cm- l (336.279 eV) - Continued 

Energy Levels (em-I) 

1392780 
1392780 
1 388410 

1392780 
1388410 

545950 
545950 
544700 

1392780 
1392780 
1388410 

236530 
225520 

236530 
236530 
225520 

544700 
545950 
544700 

o 
o 

545950 
545950 
544700 

545950 
544700 
544700 

236530 
225520 

545950 
545950 
544700 

236530 
236530 
225520 

545950 
544700 
544700 

545950 
545950 
544700 

545950 
544700 
544700 

545950 
545950 
544700 

o 
o 

2324700 
2325000 
2324700 

2393000 
2393000 

1 549410 
1549620 
1549410 

2416300 
2416500 
2416300 

1300 490 
1300 490 

1505900 
1506 480 
1505900 

1889360 
1 891 430 
1891430 

1388410 
1392780 

1967880 
1967990 
1967880 

2152400 
2151 400 
2152400 

1 846 100 
1 846 100 

2194900 
2195100 
2194900 

1946230 
1946500 
1946230 

2305700 
2305700 
2305700 

2332500 
2332800 
2332500 

2404100 
2404100 
2404100 

2421500 
2421500 
2421500 

1889360 
1 891 430 

Int. gf 

1.5-2 
1.4-1 
7.6-2 

1.8-2 
9.2-3 

2.6-1 
5.2 
3.7 

8.8-3 
7.88-2 
4.40-2 

1.0-1 
9.28-1 
5.20-1 

2.4-2 
4.5-2 
4.8-3 

1.29-1 
2.44-1 

4.7-2 
9.78-1 
6.84-1 

1.6-2 
8.8-3 
1.7-3 

5.28-2 
2.6-2 

1.9-2 
3.7-1 
2.6-1 

3.5-2 
3.1-1 
1.7-1 

7.2-3 
4.4-3 
8.4-4 

9.0-3 
1.8-1 
1.2-1 

4.4-3 
2.4-3 
4.8-4 

1.04 -1 
5.2-3 
7.24-2 

4.0-2 
8.0-2 

A (S-I) Acc. References 

2.2+9 
1.3+ 10 
1.1+10 

D 71-
C 71-
C 71· 

6.0+9 
3.1+9 

D 71-
D 71· 

2.9+ 10 
4.4+ 11 
4.1+11 

D 71· 
C 22,75°,71-
C 22,75°,71· 

1.5+9 
9.2+9 
7.8+9 

D 71· 
C 71-
C 71-

2.8+10 D 
1.66+ 11 C 
1.42+11 C 

1.5+10 D 
1.4+ 10 D 
1.5+9 E 

8.3+10 B 
7.9+ 10 B 

1.1 + 10 D 
1.65+11 C 
1.54+11 C 

6.7+9 D 
7.6+9 D 
7.4+8 E 

4.56+ 10 C 
2.3+ 10 C 

5.6+9 D 
8.4+ 10 C 
7.9+ 10 C 

1.7+10 D 
1.0+ 11 C 
8.5+ 10 C 

3.9+9 D 
4.4+9 D 
4.4+8 E 

3.3+9 D 
4.8+ 10 C 
4.4+ 10 C 

2.5+9 E 
2.8+9 E 
2.8+8 E 

3.04+10 C 
2.0+9 E 
2.84+ 10 C 

4.8+ 10 C 
4.8+ 10 C 

15,22°,71-
22°,45,71-
22°,45,71· 

71-
15,39°,45,71· 
71· 

22°,45,71-
22°,45,71· 

71· 
22°,45,71· 
22°,45,11· 

11· 
11-
71-

15°,45,71· 
15°,45,11-

71· 
15°,45,71· 
15°,71. 

11· 
15,22°,45,11-
15,22°,45,71· 

71· 
11· 
11· 

71-
15°,45,71-
15°,11· 

11-
71· 
71-

15°,45,11. 
71-
15°,71· 

22°,45,71. 
22°,45,71. 
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V xm (Na sequence) Ionization Energy ::: 2 712 250 cm - 1 (336.279 eV) - Continued 

). (A) Classification Energy Levels (cm - 1) Int. gf A (S-I) Acc. References 

52.897c 2p63p 2P"3IZ 2p66s 281/2 236530 2 127000 2.0-2 2.4+ 10 D 71· 
52.590 It.! 1/2 225520 2127000 1.0-2 1.3+ 10 D 45°,71· 

51.620 2p63d 2D5t.! 2p69j 21'1/2 545950 2483200 15°,45 

51.380c 2p63p ZP"3IZ 2p 66d 2D3IZ 236530 2182800 1.6-2 1.0+ 10 D 71· 
51.376 3IZ 5t.! 236530 2 183000 1.46-1 6.2+ 10 C 15°,45,71· 
51.091 It.! 3IZ 225520 2 182800 8.14-2 5.2+10 C 15°,45,71· 

50.494 2p 63d 2D5t.! 2p 6 10j 2F7t.! 545950 2526400 45 

49.642 2p63d 2D5/2 2p6 1lj 21'7/2 545950 2560400 45 

48.682 2p 63p 2P"3IZ 2p 67s 281/2 236530 2290400 1.1-2 1.5+ 10 D 15,45°,71· 
48.435 1/2 1/2 225520 2290400 5.2-3 7.4+9 D 15,40-,71+ 

47.889c 2p63p 2P"3IZ 2p 67d 2D3IZ 236530 2324700 8.8-3 6.5+9 D 71· 
47.884 3IZ 5t.! 236530 2325000 8.12-2 3.94+10 C 15°,45,71· 
47.637 1/2 3IZ 225520 2324700 4.6-2 3.3+ 10 C 15°,45,71· 

46.482 2p 63s 281/2 2p 66p 2~/2 0 2 151400 1.9-2 2.9+ 10 D 15°,71· 
46.460 1/2 3IZ 0 2 152400 3.8-2 2.9+ 10 C 15°,45,71· 

46.395 2p 63p 2P3/2 2p 68s 281/2 236530 2393000 6.0-3 9.4+9 D 45°,71· 
46.118 1/2 1/2 225520 2393000 3.0-3 4.9+9 D 45°,71· 

45.876c 2p 63p 2P"3IZ 2p 68d 2D3/2 236530 2416300 5.6-3 4.5+9 D 71· 
45.873 3IZ 5/2 236530 2416500 5.2-2 2.7+ 10 C 15°,45,71· 
45.645 1/2 3IZ 225520 2416300 2.82-2 2.25+ 10 C 15°,45,71· 

44.919 2p 63p 2P"aa 2pflgs 2S11Z 236530 2462800 45 

44.594 2p63p 2P"3IZ 2p69d 2D5t.! 236530 2479000 15°,45 
44.376 1/2 3IZ 225520 2479000 15°,45 

44.013 2p 63p 2P3/2 2p 6 10s 281/2 236530 2508600 45 

43.741 2p63p 2P"3IZ 2p 6 1Od 2D5t.! 236530 2522800 45 

43.371 2p63s 281/2 2p 67p 2P3/2 0 2305700 15°,45 
43.371 1/2 1/2 0 2305700 15 

43.268 2p 63p 2P"3IZ 2p6 11s 281/2 236530 2547800 45 

43.103 2p 63p 2P"3IZ 2p 611d 2D5t.! 236530 2556600 15 
42.909 1/2 3IZ 225520 2556000 15 

41.596 2p 63s 281/2 2p 68p 2P"3IZ 0 2 404100 15°,45 
41.596 1/2 1/2 0 2404100 15 

40.477 2v 63s 281J'l 2v6gv 2r'w 0 2470500 15°.45 
40.477 1/2 It.! 0 2470500 15 

39.721 2p63s 281/2 2p6 1Op 2P"3IZ 0 2 517 600 15°,45 
39.721 1/2 1/2 0 2 517 600 15° 

39.181 2p 63s 281/2 2p 6 11p 2P3/2 0 2552300 15 
39.181 1/2 1/2 0 2552300 15 

24.517 2p 63s 281/2 2p 53s 2 2P"3IZ 0 4 079 000 48 
24.202 1/2 1/2 0 4132000 48 
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v XIV (Ne sequence) Ionization Energy = 7227000 cm- J (896.0eV) 

). CA) Classification Energy Levels (cm -I) Int. gf A (8- 1) Acc. References 

720.456c 2s22p lifPiI2)3s (lh,WY6 2s 22p 5fp"aI2)3p 2[1/2h 4248410 4387211 5.3-3 2.3+7 E 71· 

508.625 2s 22p 6fP"aI2)3s f%,l/2)~ 2s 22p 5fP"aI2)3p 2Phh 4190606 4387211 2 2.4-1 2.1+9 D 600,71· 
379.694 0 4202700 4466 070 2 60 

471.884 2s22p 6fP"aI2)3s f%,t/2)~ 2s 22p 5fP"aI2)3p 2[%)2 4 202 700 4414607 4 60 
437.516 4190606 4419 174 5 7.5-1 3.8+9 D 59,60°,71. 

451.865 2s22p 6fptl2)3s (lh,lhYO 2s22p 5fPiI2)3p 2(%h 4248410 4469715 2 60 
434.887 4257 100 4487045 3 59,60° 

442.779 2s 22p 6fP"atl)3s r:h,lh)i 2s 22p 5fP"atl)3p 2[%h 4202700 4428554 2 60 
423.92 4202700 4438597 2 60 
403.239 4190 606 4438597 3 60 

436.978 2s22p 5fPiI2)3s eh,11z)7 2s22p 5fPiI2)3p 2(t/21t 4251100 4485944 3bl 60 
304.211 4257100 4585819 1 60 

434.91c 2g22p 1i(2P"IW)3p 2[1/010 2s22p 5(2P'0t'2)3d 2(lJzn 4466 070 4606000 1.6-2 1.0+8 D- 71· 
327.55c 4387211 [46925101 1.2-1 7.5+9 D 71· 
323.85c 4387211 4696000 2.9-1 6.2+9 D 71· 

346.161c 2.«: 22p 1i(2P"IW)9p 2[%10 2g22plirP"0t'2)3d 2[%1& 4 419174 4708057 2.8-2 9.1+8 E 71· 

343.715 2s 22p IifP"aI2)3p 2[%1a 2s22p 5fP"aI2)3d 2[7hl~ 4419174 4710105 5 1.1 7.2+9 D 59,60°,71-
337.53 4419174 4715469 1 60 
332.373 4414607 4715469 5 59,60 

342.783c 2s 22p 5fP"aI2)3p 2[ %10 2s22p 5fP"aI2)3d 2[%11 4 466 070 4757800 1.9-1 3.7+9 D 71· 
311.676 4387211 4708057 2 2.9-1 4.0+9 E 600,71· 

340.954 2s22p 5fPiI2)3p 2[11211 2s22p5fP"1I2)3d 2[%I~ 4485944 4779239 3 60 

340.392 2s22p5fP"aI2)3p 2[%12 2s 22p 5fP"aI2)3d 2[%13 4 438 597 4732377 3 59,60° 
336.177 4428554 4726016 2 60 

339.852 2s22p 5fPiI2)3p 2[%12 2s22p5fPiI2)3d 2[%]3 4487045 4781 291 4 59,60° 
328.342 4469715 4774275 3 59,60° 

109.67c 2s 22p 5fP"aI2)3p 2(1/2h 2s2p63p aPi 4387211 5299000 8.1-2 1.5+ 10 E 71· 

90.227 2s22p5fPiI2)3d 2[%1~ 2s22p 5fPi12Hf 2[%12 4827200 5935500 5 61 
86.356 4779239 5937239 20 43.61° 

89.103 2s22p5fP"aI2)3d 2[%J~ 2s22p5fP"atlHf 2[%12 4 757 800 5880100 5 61 
85.360 4708057 5879567 20 43,61° 

87.141 2s22p5fp"atl)3d 2[%)3 2s22p5fP"atlHf 2[1hl. 4732377 5879941 60 43,61° 
86.684 4726016 5879633 30 43,61° 

86.609 2s 22p 5(2PiI2)3d 2(%13 2s22p5fPiI2Hf 2(%14 4781291 5935911 40 43,61° 
86.125 4774275 5935375 15 43,61° 

86.148 2s 22p 5(2P"atl)3d 2[%13 2s 22p 5(2P"aI2Hf 2(%14 4 715 469 5876259 80bl 43,61° 
85.758 4710105 5876175 60 43,61° 

85.899 2s22p 5(2P"aI2)3d 2[%13 2s22psfP"aI2Hf 2[%1a 4715469 5879633 10 61 
85.482 4710 105 5879941 15 43,61° 

84.757 2s22p 5(2p"aI2)3d 2[1/21~ 2s22p 5(2P"aI2Hf 2[%Jz 4696000 5875800 5 61 
84.420 [4692510] [5877 442] 3 61 

71.589 2s 22p 5(2P" aI2)3p 2[%12 2s22p s(2P"aI2)4d 2[%)3 4 438 597 5835457 5 43,61°,62 
71.187 4428554 5833302 4 61°,62 

71.317 2s 22p sfPi12)3p 2Phh 2s 22p s(2PiI2)4d 2[%1~ 4485944 5888 124 2 61°,62 
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71.290 
70.573 

71.022 
70.677 

70.487 

69.726 
69.609 

65.571 

65.330 

23.794 

23.490 

21.294 

21.018 

20.716 

18.870 

18.782 

17.754 

17.575 

17.094 

16.939 

15.748 

15.609 

1719.4 

122.UUO 

113.930 

22.375 
22.214 

22.232 
22.192 
22.083 

22.192 
22.083 
21.909 
21.800 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 301 

V XIV (Ne sequence) Ionization Energy = 7227000 cm- I (896.0 eV) - Continued 

Classification Energy Levels (cm -I) 

ISo 

2s22p5eP'tr.!)4d 2l%1~ 4 487 045 5 889 775 
4469715 5886695 

2s 22p5eP"m)4d 2[%1~ 4419 174 5827 194 
4414607 5829497 

2s 22p5fP"m)4d 2Plzlo 4 387 211 
4387211 

5821 381 
5823811 

o 4202700 

o 4257 100 

o 4696000 

o 4757800 

o 4827200 

o 5299000 

o 5324000 

o 5632000 

o 5690000 

o 5850000 

o 5904000 

o 6350000 

o 6407000 

Int. 

4 
2 

10 
5 

2 

3 

3 

7 

4 

5 

2 

gf A (S-I) Acc. References 

43,61°,62 
43,61°,62 

61 
61 

61 

61 

1.07-1 4.2+11 C- 23°,71* 

1.23-1 4.96+ 11 C- 23°,71* 

9.6-3 4.7 + 10 E 30,47°,71* 

3.8-1 1.9+ 12 D 23°,71* 

2.51 1.30+ 13 C- 23°,71* 

47 

47 

47 

47 

47 

v xv (F sequence) Ionization Energy :::: 7870000 cm- I (976 eV) 

Classification 

2s22p 4caP)3s 4Pln 

5t.! 

m 

Energy Levels (cm - I) 

o 

otS U93 

o 

877 732 
877 732 

58093 
o 
o 

58093 
58093 

o 
o 

58093 

~n '/32 

877732 

5347000 
5379400 

4556 100 
4506100 
4528400 

4564300 
4586800 
4564300 
4586800 

Int. gf A (S-I) Acc. References 

Ml 3.53+3 B 52°,71* 

1.24 - 1 2.77 + lU {; + 17,30,54u ,71· 
2.68-1 6.90+10 C+ 17,36,64°,71* 

16 14,30,49° 
12 49 

6 
18 
35 

18 
35 
30 
20 

49 
1.3-2 3.0+ 10 E 13,30,49°,71. 

14,30,49" 

49 
1.3 - 1 9.0 + 11 C - 49°,71* 

14,30,49° 
1.12-1 7.9+ 11 C- 49°,71· 
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v xv (F sequence) Ionization Energy = 7870000 em-I (976 eV) - Continued 

21.832 
21.568 

21.285 
21.019 

20.078 
19.888 
19.844 
19.782 

20.038 
19.903 
19.80 
19.671 

19.988 
19.757 
19.645 

19.844 

19.725 

19.671 
19.443 

19.589 
19.369c 

19.51B 
19.366 
19.298 

19.203 
19.028 
18.991c 

2042.7 
2000.6° 

1386.9c 

826.180° 

857.148° 

529.9 

178.191c 

156.060 

140.277 
133.525 
133.338 
131.263 
129.195 
125.173 

Classification 

2s22p"CSP)3d "Pat.! 

If.! 

at.! 

fi,I2 

2s22p"ep)3d 2PI12 

at.! 

If.! 

at.! 

2s22p 4ep)3d 2Dat.! 

at.! 

fi,I2 

2s22p 4eD)3d 2S112 

112 

2s22p"ctD)3d 2Dar.l 

fi,I2 

at.! 

. 2s22p"eS)3d 2Dat.! 

fi,I2 

at.! 

v XVI (0 sequence) 

Classification 
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Energy Levels (em-I) 

58093 
o 

58093 
o 

58093 
o 
o 
o 

58093 
58093 

o 
o 

58093 
o 
o 

o 

o 

58093 
o 

58093 
o 

58093 
o 
o 

58093 
o 
o 

4638500 
4636500 

4756200 
4756200 

5039000 
5028200 
5039000 
5055100 

5048600 
5082500 
5048600 
I) 082500 

5061 300 
5061 300 
5090400 

5039300 

5069700 

5143200 
5143200 

5163000 
5163000 

5 181 800 
5163700 
5181 800 

5265600 
5255400 
5265600 

Int. 

20 
30 

20 
40bl 

20 
15 
25 
10 

3 
18 
5bl 
9bl 

17 
6 

15 

25 

8 

9bl 
25 

15 

35 
50 
30 

15 
12 

gf A (S-I) Ace. References 

2.0-1 7.0+ 11 D 14,30,49°,71· 
2.6-1 6.2+11 D 14,30,49°,71· 

6.8 - 2 5.0 + 11 D 49°;71· 
3.0-2 2.3+ 11 E 49°,71· 

49 
1.2 -1 9.8 + 11 E 49°,71. 

2.0-1 
9.6-1 

3.6-1 
2.5 

2.0 

3.9-1 

1.4 
3.6-1 
2.2-2 

1.7+ 12 
8.5+12 

1.6+ 12 
1.1+13 

B.B+ 12 

1.8+ 12 

6.3+ 12 
1.1 + 12 
1.0+ 11 

49 
49 

14,49° 
14,49° 
14,49° 
14,49-

49 
14,49° 
14,30,4ge 

49 

49 

D 49°,71· 
D 49°,71· 

D 49°,71* 
14,30,49° 

D 49°,71* 

D 14,49°,71· 
D 14,49°,71· 
E 71· 

Ionization Energy = 8549000 cm- 1 (1060 eV) 

o 
o 

48937 
o 

121039 

48937 

237705 

121 039 

48937 
49970 
48937 

o 
48937 

o 

48937 
49970 

121 039 
121 039 

237705 

237705 

798899 

761 824 

761 824 
798899 
798899 
761 824 
822961 
798899 

Ml 
E2 

Ml 
Ml 

E2 

Ml 

5.3-3 

2.0-2 

1.29-1 
1.02-1 
8.07-2 
3.9-1 
1.13-1 
1.52 -1 

A (S-I) Acc. References 

2.48+3 C+ 
1.0-1 E 

3.0+2 D 
4.0+3 D 

2.2+ 1 E 

4.2+4 D 

3.7+8 E 

1.1 +9 E 

8.7+9 C 
1.27+10 C 
1.01+10 C 
3.0+ 10 C 
4.52+ 10 C 
2.16+ 10 C 

17,36,64°,71· 
17,36,64°,71. 
17,36,64°,71* 
17,36,64°,71· 
17,36,64°,71· 
17,36,64°,71. 



138.168 

123.180 

108.160 

103.043 

100.440 
lOO.336c 

95.640 

20.659 
20.659 
20.444 

20.513 

20.444 

20.278 
20.278 
20.275c 

20.079 
20.017 

20.149c 

19.952c 

19.924C 
19.730 

IS.890 
IS.716c 

18.689 

18.678c 

18.630 

18.525 

18.492 
18.265 

18.265 

18.26 

18.12 
18.12 
18.008 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 303 

v XVI (0 sequence) Ionization Energy = 8549000 cm- I (1060 eV) - Continued 

Classification 

2s 22p 3fp)3d 1 Fa 

2s 22p 3fDO)3d 3P2 

2s 22p 3(lDO)3d lFa 

2s22p3fpo)3d 3Dj 

Energy Levels (cm -I) Int. 

1045590 

231105 

121 039 

798899 

49970 
48937 

o 

49970 
48937 

o 

237705 

121 039 

49970 
48937 
48937 

o 
o 

121 039 

48937 
o 

121 039 

48937 
a 

48937 
o 
o 

121 039 

121 039 

121 039 

48937 
o 

121 039 

a 

o 

49970 
48937 

o 

1 769360 

1 045590 

1 045590 

1 769360 

1 045590 
1 045590 
1 045590 

4891 000 
4891 000 
4891 000 

5113000 

I} 012 000 

4981 000 
4980000 
4981 000 
4980000 
4996000 

5 OSS 000 

5012000 
5012000 

5113000 

5068000 
5068000 

5343000 
5343000 
5351 000 

5475 000 

I) 489 000 

5518000 

5457000 
5475000 

5596000 

5476000 

5518000 

5568000 
5568000 
5552000 

gf 

3.72-1 

6.2-;:: 

6.50-1 

6.3-3 

3.2-3 
1.5-3 
2.7-2 

5.0-2 
1.02-1 
2.6-1 

1.5-1 

4.2-1 

3.0-2 
6.0-2 
9.9-2 
1.4-1 
2.7-1 

1.0-1 

3.9-2 
2.3-2 

1.3-1 

1.0-1 
3.7-2 

3.9-1 
2.8-1 
l.~O 

5.5-2 

2.0 

3.6 

8.5-1 

A (S-I) Acc. References 

1.30+ 11 C 

9.U+~ C 

1.24+ 11 C 

4.0+9 

7.1 +8 
3.3+8 
6.7+9 

2.6+ 11 
5.3+ 11 
1.4+ 12 

7.9+ II 

1.4+ 12 

1.6+ 11 
1.9+ 11 
5.4+ 11 
4.8+ 11 
6.4+ 11 

3.2+ 11 

1.3+ 11 
7.7 + 10 

7.5+ 11 

E 64°,71. 
E 71* 
E 64°,71. 

C- 16°,55,71. 
C- 16°,55,71. 
c- 10",55,11· 

C- 16°,55,71. 
D 16°,55,71. 
C- 71· 
D- 16°,55,71. 
C- 16°,55,71. 

E 

E 
E 

D 

71* 

3.5+ 11 D 71* 
1.3+11 D- 55°,71* 

1.5+ 12 D 42°,55,71* 
1.1+12 D 71· 
!t55 + 12 c- 40,42°,71. 

1.5+ 11 

5.6+ 12 

1.0+ 13 

2.5+ 12 

E 

D 40,42°,55,71* 

40°,42 
C- 36,40,42°,71* 

E 

36,42° 
9 
36,40,42°,55 
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5172.C 

3438.C 

1624.C 

1405.C 

1105.c 

997.61c 
836.33c 

826.92c 

712.96c 

472.00c 
415.80c 

258.36C 

234.90c 

212.69c 

205.21c 

197.38c 

183.39c 

178.36c 

184.05c 

167.279 
165.322 
151.656 

159.65c 

158.143 
152.566 

159.347 
150.103 
146.719 

157.070 
143.21c 

137.62c 
136.511 
134.056 
133.00c 

131.687 
126.832 

130.941 
129.927 
120.304 

125.278 
120.873 
117.276 
113.406 

115.36C 

113.785 

111.299 
108.952 
102.854 

IIr'2 

312 
312 

2srS)2p -tfp) 2Pltl 

312 
1fl 

312 

Itl 

2srS)2p"(lD) 2D512 

312 
312 

v XVD (N sequence) 

Classification 

3{7. 

Itl 

312 
Itl 

2sCZS)2p4(lD) 2D312 

512 
312 

2srS)2p 4fp) 4P512 

312 
Itl 

2sfS)2p 4(ID) 2Dm 

512 
312 

512 

Itl 

2sCZS)2p 4fP) 2P312 
312 
Itl 

Itl 

2sCZS)2p 4fp) 2P312 

312 
Itl 
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SHIRAI ETAL 

Ionization Energy = 9420000 cm- 1 (1168 eV) 

Energy Levels (cm -1) 

120930 

211 420 

1636530 

140260 
120930 
140260 
120930 

o 
o 

o 
o 

240500 
210500 
211 420 

140260 
1209ao 
120930 
120930 

1093200 
1 038740 
1093200 
1038740 

240500 
240500 
211 420 

o 
o 
o 

999840 
999840 

140260 
140260 
120930 
120930 

240500 
211 420 

872820 
866880 
866880 

240500 
211 420 
240500 
211 420 

o 

120930 

140260 
120930 
120930 

140260 

240500 

1 698 100 

211 420 
211 420 
240500 
240500 

120930 
140260 

211 420 
240500 

627560 
666210 
681580 

627560 
627560 
666210 
681580 

1 636530 
1 636530 
1698 100 
1 698 100 

866 880 
872820 
866880 

627560 
666210 
681580 

1636530 
1 698 100 

866880 
872820 
866880 
872820 

999840 
999840 

1 636530 
1636530 
1 698 100 

1038740 
1 038740 
1093200 
1093200 

866 880 

999840 

1 038740 
1 038740 
1 093200 

Int. gf 

Ml 

Ml 

Ml 

E2 
Ml 
Ml 
Ml 

M1 
Ml 

Ml 
M1 

1.2-3 
2.8-3 
8.8-4 

3.9-3 
5.6-3 
4.4-4 
7.2-4 

4.40-2 
4.48-1 
2.16-1 
1.56-1 

8.0-3 
1.12-1 
3.82-2 

2.5-1 
1.81-1 
9.52-2 

9.30-2 
2.8-3 

5.1-3 
4.3-1 
3.3-1 
1.1-4 

3.6-2 
1.4-1 

3.8-1 
1.06-1 
1.75-1 

8.28-2 
6.2+9 
2.8-1 
2.02-2 

2.6-3 

1.1-1 

6.00-1 
1.08-1 
1.02-1 

A (5-1) Ace. References 

6.2+1 C 71· 

1.71+2 C 71· 

4.29+3 C+ 71· 

5.8-1 
2.4+3 
3.3+3 
9.0+3 

E 71· 
D 71· 
D 71· 
D 71· 

3.6+3 
1.5+2 

D 71· 
D- 71· 

8.2+3 
1.1+4 

D- 71· 
D 71· 

2.0+7 
8.6+7 
6.5+7 

E 71· 
E 71* 
E 71· 

1.0+8 
1.6+8 
2.2+7 
7.5+7 

E 71· 
E 71. 
E 71· 
E 71· 

2.17+9 C 
2.67+10 C 
2.64+10 C 
2.26+ 10 C 

5.2+8 D 
5.0+9 C 
2.74+9 C 

1.1+10 C 
1.34+ 10 C 
1.47+ 10 C 

6.3+9 C 
4.6+8 D 

4.5+8 E 
2.5+10 C 
3.1 +10 C 
7.0+6 E 

6.8+9 D 
2.9+10 C 

3.7+10 C 
1.05+10 C 
4.04+ 10 C 

8.8+9 C 
5.42-2 C 
6.9+10 C 
5.2+9 C 

3.3+8 E 

2.9+10 E 

8.08+ 10 C 
1.51 + 10 C 
3.22+10 C 

71· 
41,42,65°,71. 
41,42,65°,71. 
65°,71. 

71· 
41,65°,71. 
17,41,65°,71. 

17,36,41,65°,71. 
17,36,41,65°,71. 
17,41,65°,71. 

71· 
17,36,41,65°,71. 
17,36,41,65°,71. 
71· 

36,50,65°,71. 
36,50,65°,71. 

19.41,42.65°.71· 
19,65°,71. 
19,41,42,65°,71. 

17,41,65°,71. 
17,36,41,65°,71. 
17,36,41,65°,71. 
17,41,65°,71. 

71· 

17,36,41,65°,71. 
17,41,65°,71* 
17,36,41,65°,71. 
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v XVII (N sequence) Ionization Energy = 9 420 000 cm- l (1168 eV) - Continued 

). (A) Classification Energy Levels (em-I) Int. gf A (8- 1) Ace. References 

104.72c 2sfS)2p 4(3P) 4Pm 2p 5 2P"312 681580 1636530 1.1-3 1.6+8 E 71* 
103.06c 3,"2 312 666210 1 636530 3.1-3 4.9+8 E 71* 
99.111c 

fiI2 312 627560 1636530 7.2-3 1.2+9 E 71* 
98.375c 

112 m 681 580 1 698 100 1.2-3 4.1+8 E 71· 

l00.02c 2s22p 3 4S~ 2sfS)2p4(lS) 28m 0 999840 1.9-3 6.3+8 E 71* 

96.270 2s22p 3 4S~ 2s(2S)2p"caP) 2P312 0 1 038740 9.6-3 1.7+9 E 65°,71· 
91.475c 3,"2 112 0 1093200 4.0-4 1.6+8 E 71* 

17.644 2s22p 3 2D~ 2s22p2caP)3d 2F1iJ2 120930 5789000 40 
17.536 fiI2 712 140260 5843000 40°,42 

17.490 2s22p 3 2p>3,"2 2s22p2eD)3d 2D1iJ2 240500 5958000 400,42 

17.373 2s22p 3 2DMi 2s 22p 2caP)3d 2D1iJ2 140260 5897000 400,42 

17.259 2s22p 3 2DMi 2s22p2(l0)3d 2F712 140260 5934000 36,40°,42 
17.16 312 IiJ2 120930 5948000 42 

17.158 2s22p 3 "S3i2 2s22p2caP)3d "Pm 0 5828000 40°,42 
17.158 3,"2 5i2 0 5828000 

V xvm (C sequence) Ionization Energy = 10 160 000 em- l (1260 eV) 

). Classification Energy Levels (em-I) Int. gf A (8- 1) Ace. References 

3307.c 2s22p2 3P1 2s22p2 3P2 37960 68190 Ml 3.24+2 C+ 71* 
2634.c 0 37960 Ml 9.21+2 E 71* 
1466.c 0 68190 E2 7.9-2 E 71* 

1078.2 2s22p2 3P2 2s22pZ 102 68 190 160 910 MI 3.7+3 D+ 52°,71. 
813.34c 37960 160 910 Ml 3.2+3 D 71* 

925.l5c 2s22p2 ID2 2s22p2 180 160910 269000 E2 1.3+1 E 71· 

434.2T 2s22p2 3p
J 2s22pZ 180 37960 269000 MI 4.3+4 D 52°,71* 

334.81c 2s22p2 3P2 2s f8)2p 3("S, 5~ 68190 366868 1.0-3 1.2+7 E 71· 
304.04c 37960 366 868 6.3-4 9.1+6 E 71* 

290.45c 2sfS)2p3f~ Ipt 2p" 3P2 1 014420 1 358710 4.8-3 7.6+7 E 71* 
252.30c 1 014 420 1 410770 1.0-2 3.6+8 E 71* 

280.87c 2s22p2 ISo 2s fS)2p 3(20' 3DI 269000 625040 1.0-3 2.8+7 E 71· 

222.08c 2sfS)2p 3fOO) ID~ 2p" 3PZ 908420 1 358710 1.9-2 5.1+8 E 71* 
199.06c 908420 1 410770 1.6-3 9.0+7 E 71· 

216.69 2s CZS)2p 3(48' 38i 2p· 3PZ 897330 1 358710 2.1-1 6.0+9 C 44°,71* 
194.76c 897330 1 410770 1.7-1 9.8+9 C 71* 
192.76c 897330 1 416 110 6.93-2 1.24+ 10 C 71* 

216.Olc 2s22p2 102 2sf8)2p3eOj 30~ 160910 623860 1.0-3 3.0+7 E 71* 
215.46c 160910 625040 1.8-3 8.8+7 E 71* 
210.95c 2 160910 634950 2.1-2 4.6+8 E 71* 

214.63c 2s CZ8)2p 3CZ~ Ipt 2p4 102 1 014 420 1 480330 1.31-1 3.79+9 C 71* 

214.40" 2sz2pz JSo 2s eS)2p :JeP") :JPj 269000 735420 1.8-3 8.7+7 E 71* 
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v xvm (C sequence) Ionization Energy ;: 10 160 000 ern-I (1260 eV) - Continued 

). (A) Classification Energy Levels (ern-I) Int. gf A (S-I) Ace. References 

179.96c 2s22p2 3P2 2sfS)2p3fDj 3D2 68190 623860 9.5-4 3.9+7 E 71-
179.58c 68190 625040 2.6-4 1.8+7 E 71-
176.440 68190 634950 1.82-1 5.6+9 C 41,42,7go,71-
170.678 37960 623860 1.6-1 7.4+9 C 41,42,79°,71~ 

170.33c 37960 625040 .1.6-2 1.2+9 D 71-
159.991 0 625040 8.7-2 7.6+9 C 41,42,44,79°,71-

174.852 2sfS)2p3fDj ID2 2p· ID2 908420 1480330 6.60-1 2.88+ 10 C 44,79°,71-

174.06c 2s22p2 ID2 2s fS)2p 3fPj ~ 160910 735420 3.3-3 2.4+8 E 71-
171.69c 160910 743350 3.3-3 1.5+8 E 71-

162.53 2sfS)2p 3fPj 3P2 2p4 3P2 743350 1358710 6.95-2 3.51 +9 C 44°,71-
160.40 735420 1358710 5.82-2 3.02+9 C 44°,71-
149.86 743350 1 410770 1.21-1 1.2+10 C 44°,71-
148.07c 735420 1 410770 4.8-4 4.9+1 E 71-
141.30 731 870 1 410770 3.67-2 3.76+9 C 44°,71-
146.91c 0 735420 1 416 110 5.16-2 1.59+ 10 C 71-

159.15c 2s22p2 180 2sfS)2p 3(4S0) 3S~ 269000 897330 3.5-3 3.0+8 E 71-

152.933 2s (ZS)2p3(Zpa) IP'j 2p" 180 1 014 420 1668300 2.3-1 6.7+ 10 C 44,79°,71-

149.86 2s22p2 3P2 2s fS)2p 3fPj 3P'j 68190 735420 3.7-2 3.6+9 D 41,44°,71-
148.113 68190 743350 2.5-1 1.5+10 C 41,42,44,50,79°, 

71-
144.111 0 37960 731 870 5.61-2 1.8+ 10 C 41,44,79°,71-
143.377 37960 735420 9.36-2 1.01+10 C 41,44,79°,71-
141.73 37960 743350 1.3-2 8.8+8 D 41°,71-
136.00 0 735420 3.27-2 3.93+9 C 41°,44,71-

138.168 2sfS)2p 3fDO) 3D3 2p4 3P2 634950 1358710 3.9-1 2.7+10 C 42,79°,71-
136.30c 625040 1 358710 2.6-2 1.9+9 D 71-
136.08c 623860 1 358710 1.47 -1 1.06+ 10 C 71· 
127.27 625040 1 410770 9.03-2 1.24+ 10 C 4ZO,71-
127.079 623860 1 410770 1.47 -1 2.02+ 10 C 42,79°,71-
126.411 625040 1 416110 7.44-2 3.11+10 C 79°,71-

135.69c 2sfS)2p 3fpa) 3P2 2p" ID2 743350 1 480330 8.5-3 6.2+8 E 71-
134.24c 735420 1480330 6.6-3 4.9+8 E 71-

134.1 2s22p2 180 2s fS)2p 3fpa) IP'j 269000 1 014420 1.17-1 1.45+ 10 C 41°,71-

133.778 2s22p2 ID2 2s (ZS)2p 3(2Dj ID2 160910 908420 5.50-1 4.10+ 10 C 41,42,50,79°,71-

129.71c 2s (ZS)2p 3CCSj 3Si 2p· 180 897330 1 668300 9.3-3 3.7+9 E 71-

120.607 2s22p2 3P2 2s (ZS)2p 3CCSj 3S~ 68190 897330 3.3-1 5.0+10 C 41,42,50,79°,71· 
116.365 37960 897330 1.44-1 2.37+ 10 C 41,42,50,79°,71· 
111.442 0 897330 4.73-2 8.5+9 C 41,42,50,79°,71· 

119.015 2s22p2 3P2 2sfS)2p3fDj ID2 68190 908420 4.4-2 4.1+9 E 79°,71-
114.88c 37960 908420 1.8-3 1.8+8 E 71-

118.29c 2s fS)2p 3fDO) 3Da 2p" IDz 634950 1 480330 3.0-2 2.9+9 E 71· 
116.76c 623860 1 480330 4.5-3 4.4+8 E 71-

117.163 2s22p2 ID2 2s fS)2p 3epa) IP'j 160910 1 014420 3.5-1 5.6+ 10 C 41,42,50,79°,71· 

107.19c 2sfS)2p 3(2Pj 3P'j 2p" 180 735420 1668300 3.0-3 1.7+9 E 71· 

102.410 2s z2p2 3P1 2sfS)2p 3fpa) IP'j 37960 1 014420 1.3-2 2.8+9 E 79°,71-

100.83c 2s fS)2p 3("Sj 5S2 2p" 3PZ 366960 1 358710 3.8-3 5.0+8 E 71· 
95.803c 366960 1 410770 6.0-4 1.5+8 E 71· 
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v xvm (C sequence) Ionization Energy = 10160000 cm- I (1260 eV) - Continued 

). (A) Classification Energy Levels (cm- I ) Int. gf A (8- 1) Acc. References 

17.717 2s22p2 102 2s22p3s Ipt 160910 5805000 57 

17.678 2s22p2 ;sPz 2sz2p3s 3P'j 68190 5726000 57 
17.482 68190 5786000 57 
17.400 37960 5786000 57 

17.545 2sCZS)2p 3CZOj 30~ 2s2p Zfo)3s 302 623860 6323300 57 

17.442 2sCZS)2p3(4Sj 5~ 2s 2p 2(4P)3s 5P3 366960 6100 000 57 

17.018 2s CZS)2p 3CZOO) 302 2s 2p 2(4P)3d 3F3 623860 6500 000 57 

16.914 2s22p2 102 2sZ2p3d 3~ 160910 6073000 10 

16.181 2,s°2p O 150 2,s1l2p3d IPj 269000 6226000 1(1',5'1 

16.558 2s CZS)2p 3CZOo) 303 2s2p2fO)3d 3F4 634950 6674000 40,57° 

16.467 2s!l2pll ID2 2s!l2p3cl Ira 160910 6234000 40,42,57 

16.378 2s22p2 3pZ 2sz2p3d 303 68190 6174000 3.1 1.1+13 E 40,42°,57,71' 

16.341 2sfS)2p 3(4Sj 5~ 2s2pZ(4p)3d 5Pa 366868 6486000 57 

16.32c 2sz2p2 apz 2sz2p3d 3Pj 68190 6195000 3.5-1 2.9+12 E 71' 
16.24c 37960 6195000 6.9-1 5.8+12 E 71' 

V XIX (B sequence) Ionization Energy ;::: 10 930 000 cm- 1 (1355eV) 

). Classification Energy Levels (em-I) Int. gf A Acc. References 

1457.6 2s22p 2~1l 2s22p 2POat.! 0 68610 Ml 2.9+3 B 52°,71' 

438.0c 2s2p 2 2Pat.! 2p3 481.2 802560 1030 850+x 1.7-3 1.4+7 E 71· 

306.8c 2s z2p 2POat.! 2s2p 2 "Pst..! 68610 394560+x 1.8-3 2.2+7 E 71· 
301.0C It..! It..! 0 332 180+x 7.8-4 2.9+7 E 71· 

285.4c 2s2p 2 2P312 2p 3 2Dm 802560 1 152900 3.2-3 6.5+7 E 71· 
275.lc 312 5fl 802560 1 166100 1.89-1 2.78+9 C 71· 

230.8c 2s2p 2 2D312 2p3 "8m 597590 1 030 850+x 7.2-4 2.3+7 E 71· 

204.0c 2s2p2 2P312 2p3 2Pjt..! 802560 1292800 2.9-2 2.3+9 D 71· 
198.51 It..! It..! 788850 1 292800 44 
193.93 312 at.! 802560 1 318200 3.1-1 1.4+ 10 C 44°,71. 

189.04c 2s22p 2P0312 2s2p 2 2Dat.! 68610 597590 3.3-3 1.6+8 E 71-
186.32 312 5t..! 68610 605320 1.54-1 4.92+9 C 41,42°,11· 
167.34 III at.! 0 597590 i.2-1 7.3+9 C 41,42°,71. 

182.6(; 2s2p ll ;;lD5t..! 2p;J 20M 605320 1 152900 7.08-2 3.54+9 C 71· 
180.07 312 at.! 597590 1 152900 1.33-1 6.9+9 C 44°,71· 
178.32 5t..! 5fl 605320 1 166 100 2.98-1 1.04+ 10 C 44°,71· 
175.9c 312 5t..! 597590 1 166 100 5.52-2 1.98+9 C 71· 

166.19 2s2p2 2SIt..! 2p 3 2POm 716370 1 318200 44 

157.17 2s2p 2 "Pst..! 2p 3 "83t..! 394560+x 1 030 850+x 2.44-1 1.64+ 10 C 42°,71· 
14~.4~ 312 at.! 361600+x 1030 850+x 1.68-1 1.25+ 10 C 42°,71· 
143.13 It..! at.! 332180+x 1030850+x 9.12-2 7.4+9 C 42°,71* 
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V XIX (B sequence) Ionization Energy ;;;: 10 930 000 em - J (1355 eV) - Continued 

). (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

143.82 2s2p 2 2Datl 2p 3 2P';tl 597590 1292800 1.35-1 2.18+10 C 44°,71· 
140.25 5t.! atl 605320 1318200 1.43-1 1.21+10 C 44°,71· 
138.78 atl atl 597590 1318200 4.44-2 3.84+9 C 44°,71· 

139.59 2s22p 2p';tl 2s2p 2 2SItl 0 716370 41,42° 

138.84 2s22p 2p"atl 2s2p 2 2Pltl 68610 788850 41,42° 
136.25 atl atl 68610 802560 3.8-1 3.4+ 10 C 18,41,42°,71· 
124.60c Itl atl 0 802560 5.06-2 5.4+9 C 41,71· 

129.6c 2s2p 2 4P512 2p 3 2D~ 394560+x 1 166100 1.0-2 6.7+8 E 71· 
126.4c atl atl 361600+x 1 152900 6.0-3 6.3+8 E 71· 

I08.3c 2g2p2 4p6,'l.l 2p 3 2P"IW 3945604-.r. 1 !l18 200 ItO-4 &.6+7 E 71· 
104.5c atl atl 361600+x 1318200 1.0-3 1.6+8 E 71· 
104.1c Itl Itl 332180+x 1292800 3.6-4 1.1+8 E 71· 

16.007 2s2p2 2D!W 2.~ 2p (3PO)3d 2JiOGtJ 597590 6845000 40°,42 
15.924 512 7tl 605320 6885000 40°,42 

15.73c 2s22p 2P"atl 2s23d 2Datl 68610 6427000 2.6-1 1.7+12 D 71· 
15.702 m I\I? 68610 6437000 2.3 1.0+ 13 D 40°.42.71· 
15.560 Itl atl 0 6427000 1.3 9.0+ 12 D 40°,42,71· 

15.63 2s2p 2 4P512 2s2pfP")3d 4D7tl 394560+x 6792000+x 42 

15.63 2s2p 2 4P512 2s2p fP")3d 4P"512 394560+x 6792000+x 42 

15.495 2s2p 2 2D512 2s2peP")3d 2F7tl 605320 7059000 40°,42 

15.333 2s22p 2p"atl 2s2peP")3p 2Patl 68610 6590000 40°,42 

15.039 2s22p 2P"atl 2s2p(3P")3p 2DStl 68610 6718000 40°,42 

14.636 2s22p 2p"atl 2s2peP")3p 2D512 68610 6901000 40 

V xx (Be sequence) Ionization Energy = 11 990 000 cm -I (1486 eV) 

A CA) Classification Energy Levels (cm~l) Int. gf A (S~l) Ace. Referencelf 

5127.c 2s2p 3~ 2s2p 3p'; 303 100 322600 Ml 1.29+2 C+ 71· 
1908.c 322600 375000 Ml 1.91 +3 C+ 71· 

3154.c 2p2 3PI 2p2 3P2 856900 888600 Ml 3.53+2 C 71· 
2717.c 820100 856900 Ml 8.3+2 C 71· 

I064.c 2p2 9P2 2p2 102 888600 982600 Ml 4.1+3 0+ 71· 
795.5c 856900 982600 Ml 4.1+3 D+ 71· 

68B.8c 2s3p IF'; 2s3d ID2 6964000 7 109600 1.6-1 4.5+8 E 71· 

519.2c 2s2p IF'; 2p2 3PO 627500 820100 6.3-4 1.6+7 E 71· 
435.9c 627500 856900 2.5-4 2.9+6 E 71· 
383.0c 627500 888600 1.6-2 1.5+8 D 71· 

396.0c 2s2p 3~ 2s2p IP'; 375000 627500 Ml 4.5+3 D 71· 
328.0c 322600 627500 Ml 4.8+3 D- 71· 
308.3c 303 100 627500 Ml 7.7+3 D- 71· 

3ll.8c 2p2 3P1 2p2 ISo 856900 1177600 M1 6.2+4 D 71· 

310.0c 2s2 ISO 2s2p 3p'; 0 322600 8.3-4 1.9+7 D 71· 
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v xx (Be sequence) Ionization Energy = 11 990 000 ern- l (1486 eV) - Continued 

X (A) Classification Energy Levels (crn -1) Int. gf A (S-I) Ace. References 

281.62 2s2p 1~ 2p2 ID2 627500 982600 1.94-1 3.26+9 B 44°,71· 

207.51 2s2p 31'2 2p2 3PI 375000 856900 7.40-2 3.82+9 B 44°,71· 
201.02 322600 820100 6.21-2 1.03+ 10 B 44°,71· 
194.74 375000 888600 2.04-1 7.18+9 B 44°,71· 
187.17 322600 856900 4.89-2 3.10+9 B 44°,71· 
180.58 303100 856900 6.88-2 4.69+9 B 44°,71* 
176.68 322600 888600 8.94-2 3.82+9 B 44°,71· 

181.78 2s2p 1M 2p2 ISO 627500 1 177600 1.23-1 2.48+10 B 44°,71· 

164.59 2s2p 31'2 2p2 ID2 375000 982600 4.2-2 2.1+9 C 44°,71· 
151.5c 322600 982600 2.9-3 1.7+8 D 71· 

159.355P 2~2 ISo 2s2p 1~ 0 627500 1.69-1 L4R+ 10 R 27°,71. 

15.639 2p2 ISo 2p3d lPI 1 177600 7571 900 1.29 1.17+13 c- 11°,71· 

15.526c 2p2 ID2 2p3d ID~ 982600 7423300 3.0-1 1.7 + 12 c- 71· 

15.427 2s2p 1M 2s3d ID2 627500 7 109600 1.8 1.0+ 13 c- 7,8,1l °,42, 71· 

15.336 2p2 3P2 2p3d 31'3 888600 7409200 7.0-1 2.8+ 12 C- 11°,71* 

15.332c 2p2 ID2 2p3d 3~ 982600 7505000 4.5-1 2.6+ 12 C- 71· 

15.303c 2p2 3P2 2p3d ID~ 888600 7423300 1.1-1 6.3+ 11 c- 71· 
15.229 856900 7423300 1.1 6.4+ 12 D 1l0,71· 

15.272c 2p2 3P2 2p3d 3Di 888600 7436500 6.5-3 6.2+ 10 D 71· 
15.198c 856900 7436500 3.0-1 2.9+12 C- 71· 
15.187(; 888600 7473300 1.3-1 7.5+ 11 D 71· 
15.141 888600 7493200 3.5 1.5+ 13 c- 8,11 °,40,42,71· 
15.114 856900 7473300 1.36 7.9+ 12 C- 11°,42,71· 
15.114 820100 7436500 1.28 1.25+ 13 C- 11°,71· 

15.216 2p2 ID2 2p3d 1}<1 982600 7554600 5.25 2.16+ 13 c- 8,11°,40,42,71· 

15.176c 2p2 ID2 2p3d IPJ 982600 7571 900 7.5-2 7.2+11 D 71· 

15.114 2p2 3P2 2p3d 3P2 888600 7505000 1.44 8.4+ 12 c- 11°,71· 
15.042c 856900 7505000 1.5-1 8.8+ 11 D 71· 

14.989c 2s2p 3pZ 2s3d 3DI 375000 7046600 3.6-2 3.6+ 11 e- 71* 
14.987c 375000 7047500 5.5-1 3.3+ 12 c- 71· 
14.976 375000 7052400 3.0 1.3+ 13 C- 7,8,40°,42,71. 
14.872c 322600 7046600 5.4-1 5.4+ 12 c- 71· 
14.870 322600 7047500 1.6 1.0+ 13 c- 7,8,11°,40,42,71· 
14.829 303 100 7046600 7.4-1 7.5+ 12 C- 11°,71· 

14.759c 2s2p IPj 2p3p 3P2 627500 7402900 1.4-1 8.6+ 11 D 71· 

14.649 2s2p IPj 2p3p ID2 627500 7453900 7.2-1 4.5+ 12 C- 7,8,11°,71· 

14.401 2s2 ISO 2s3p 3P'i 0 6943800 3.1-1 3.3+ 12 c- 11°,71· 

14.387c 2s2p 31'2 2p3p 3D2 375000 7325900 3.1-2 2.0+11 D 71· 
14.279 322600 7325900 4.5-1 2.9+ 12 C- 7,8,11°,71· 
14.279 375000 7378300 7.0-1 3.3+ 12 c- 7,11°,40,42,71· 

14.360 2s2 ISO 2s3p IPJ 0 6964000 3.8-1 4.1 + 12 c- 7,8,11°,40,42,71· 

14.229 2s2p 31'2 2p3p 3P2 375000 7402900 4.9-1 3.2+ 12 c- 11°,40,71· 
14.l24c 322600 7402900 3.9-2 2.6+ 11 D 71· 
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v xx (Be sequence) Ionization Energy = 11 990000 em-I (1486 eV) - Continued 

). (A) Classification Energy Levels (em-I) Int gf A (8- 1) Acc. References 

11.615 2s2p 1P'l 2s4d ID2 627500 9237 100 11 

11.523 2p2 ID2 2p4d 11'3 982600 9660900 11 

11.523 2p2 3P2 2p4d 31'3 888600 9567000 11 

11.478 2p2 3Pl 2p4d 3D~ 856900 9569200 11 
11.427 820100 9571 300 11 
11.427 888600 9639800 11 

11.427 2p2 3P2 2p4d 3~ 888600 9639800 11 

11.378 2p2 3Pl 2p4d ID~ 856900 9645800 11 

11.308 2.s2p ~P2 2.s4d 9Da 37G 000 9218300 11 
11.243 322600 9217000 11 
11.215 303100 9219700 11 

10.041 2072 1Su 2074p 11'1 0 9140000 1.6-1 3.0+12 D 11",71· 

10.838 2s2p 3~ 2p4p 3D3 375000 9601800 11 

v XXI (Li sequence) Ionization Energy = 12 660 000 em-I (1569.6eV) 

). (A) Classification Energy Levels (cm- 1) Int gf A (8- 1) Al:.c. References 

1324.c Is22p 2P'l12 Is22p 2P"312 340470 416020 Ml 3.87+3 B 71· 

293.71c Is22s 28112 Is22p 2P112 0 340470 4.04-2 1.56+9 B+ 71· 
240.37 112 312 0 416020 9.96-2 2.87+9 B+ 44°,71· 

89.45c Is24p 2P"312 Is25d 2D512 9603000 10721000 2.08 2.89+11 C+ 71· 
89.45c 

112 312 9603000 10721000 1.15 2.41 +11 C+ 71· 
89.4Sc 

312 312 9603000 10721000 2.3-1 4.8+ 10 D 71· 

48.26c Is24p 2P"312 Is27d 2D512 9603000 11 675000 2.21-1 1.05+ 11 C+ 71· 
48.26C 

112 312 9603000 11 675000 1.23-1 8.79+ 10 C+ 71· 
48.26c 

312 312 9603000 11 675000 2.4-2 1.8+10 D 71· 

41.75c ls23p 2P"312 Is24d 2D312 7232000 9627200 2.3-1 2.2+ 11 C+ 71-
41.68c 

312 512 7232000 9631000 2.1 1.4+ 12 B n-
41.37c 

112 312 7210000 9627200 1.2 1.1+12 B n-

28.66c ls23p 2P"312 ls25d 2D512 7232000 10721000 4.94-1 6.68+11 c+ n-
28.66c 

312 312 7232000 10721 000 5.6-2 1.1 + 11 D 71-
28.48c 

112 312 7210000 10721000 2.76-1 5.67+11 C+ n-

24.49c Is23p 2P"312 Is26d 2D512 7232000 11 315000 2.00-1 3.70+ 11 C+ 71· 
24.49c 

312 312 7232000 11 31S 000 2.2-2 6.2+ 10 D 71-
24.36c 

112 312 7210000 11 315000 1.12 -1 3.14+ 11 C+ 71-

14.929 Is22p 2P"312 Is23s 28112 416020 7 114400 3°,40,56 
14.758 112 112 340470 7 114400 3°,40,56 

14.592 Is22p 2P"312 Is23d 2D312 416020 7269100 2.7-1 2.1 + 12 B 3°,71-
14.578 312 512 416020 7275700 2.44 1.28+ 13 B 3°,40,56,71-
14.435 112 312 340470 7269100 1.34 1.07+ 13 B 3°,40,56,71-

13.870 Is22s 28112 Is23p 2P112 0 7210000 2.52-1 4.37+12 B 3°,40,56,71-
13.828 112 312 0 7232000 4.88-1 4.26+ 12 B 3°,40,56,71-
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10.853 
10.853 
10.168 

10.413 
10.413 

9.704 
9.704 
9.633 

9.352 
9.352 

9.175 
9.175 
9.111 

8.882 
8.882 
8.826 

8.843 
8.843 

8.703 
8.709 
8.643 

8.576 
8.576 

2.4450 
2.4403 

2.4130 

2.4038 
2.4006 

2.3993 
2.3970 

2.3990 

2.3912 
2.3912 

2.3906 

8128.C 

7872.C 

4165.C 

4015.C 

1 755.c 
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v XXI (Li sequence) Ionization Energy = 12660000 cm- 1 (1569.6 eV) - Continued 

Classification 

lID lID 

II? aJ'}. 

Is22s 281/2 Is(2S)2s2pefO) 2~tl 

ttl 3IJ 

Is22s 281fl 1s~S)2s2pepo) 2Pjfl 

1/2 3IJ 

v xxn (He sequence) 

Classification 

ls5p l~ 

ls5p 3~ 

Is4p l~ 

Is4p 3~ 

Is3p IPj 

Energy Levels (em-I) 

416020 
416020 
340470 

o 
o 

416020 
416020 
340470 

o 
o 

410020 
416020 
340470 

416020 
416020 
340470 

9631000 
9627200 
9627200 

9603000 
9603000 

10721000 
10 721000 
10721 000 

10693000 
10 693 000 

11 31G 000 
11 315000 
11 315000 

11 676000 
11 675000 
11675000 

o 11 308000 
o 11 308000 

416020 11 906000 
416 020 11 906 000 
340 470 11 906 000 

o 11 660000 
o 11 660000 

416020 41317000 
340470 41 317000 

416020 41 858000 

416020 42017000 
340470 41 997000 

o 41679000 
o 41 719000 

416020 42 100 000 

o 41820000 
o 41 820000 

416020 42 247000 

Int. gf 

4.4-1 
4.8-2 
2.4-1 

1.62-1 
1.8-2 
9.06-2 

7.92-2 
8.8-3 
4.44-2 

4.52-2 
5.2-3 
2.52-2 

7.2-1 
6.6-1 

1.56-1 
2.4-2 

1.4 

2.4-1 

Ionization Energy = 55259380 cm- 1 (6851.292 eV) 

Energy Levels (em -1) 

[53119700] 

[53 107300] 

[51 911 000] 

[51 886600] 

[49292760) 

[53 132000] 

[53 120000] 

[51 935000] 

[51 911 500] 

[49349740] 

Int. gf 

1.0-1 

9.6-2 

8.1 -2 

7.8-2 

5.8-2 

4.2+ 12 
6.7+ 11 
3.5+12 

1.91+12 
3.2+ 11 
1.63+ 12 

1.04+ 12 
1.8+ 11 
8.91 + 11 

6.36+ 11 
1.1 + 11 
5.40+ 11 

1.4+ 14 
L9+ 14 

9.0+ 13 
7.2+ 12 

3.9+ 14 

1.4+ 14 

Ace. References 

B 3°,56,71' 
C+ 30 ,71' 
B 3°,66,71· 

C+ 30 ,71' 
D 30 ,71' 
C+ 3°,71' 

3 
3 

C+ 3ft,71 * 
D 3°,71' 
C+ 3°,7P' 

C+ 30 ,71* 
D 3°,71' 
C+ 3°,71' 

C 
r, 

C 
D 

C 

D 

3 
3 

3 
3 
3 

3 
9 

85 
85 

1,2,8,85°,71' 
1,2,S,S5°,71' 

1,2,8,850,71' 

1,2,8,85 
2,8,85 

1,2,8,85°,71' 

A (S-I) Ace. References 

3.4+6 E 71' 

3.4+6 E 71' 

1.0+7 

l.l +7 E 71' 

4.2+7 D 71' 
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1695.C 

513.98C 

496.7~ 
469.0~ 
355.86c 

241.83C 

84.410c 

83.626C 

81.000C 

38.743C 

38.567C 

37.84~ 

37.358C 

26.525C 

26.222c 

25.738C 

13.679C 

13.566C 

13.418c 

13.224C 

12.945C 

9.8965C 

9.8549C 

9.6687C 

8.9788C 

8.8298C 

8.8151C 

8.6571C 

V XXII (He sequence) 

Classification 

ls3s 3S1 Is3p 3Pi 

Is2s 180 

Is2s 3S1 ls2p 3pg 

Is2s 3S1 Is2p lPi 

Is4p IPj 

Is4p 3Pj 

184& 180 Is6p 1~ 

Is4s 3S1 

183p I~ 1816 ISo 

Is4p lPi 

h3p l~ 

Is3s 3S1 

Is5s 180 

Is3p 3Pi 

Is2p lPi 

Is2p lPi 

Is2p 3pc: 

Is2s 3S. Is3p 3pe: 

Is2p IPj 

Is2s 3S1 

Is2p lPi 

Is2p 3Pi 

Is2s 180 

Is2s 3S1 
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Ionization Energy = 55259380 cm- I (6851.292 eV) - Continued 

Energy Levels (em-I) 

[49234710 ] 

[41 787780] 

[41 568820] 
[41 568820] 
[41 568820] 

[41 568820] 

[51 935000] 

[51911 500] 

[61 911 OOOJ 

[51 886600] 

[19349740J 

[49353910] 

[49349740] 

[49293700] 

[49292760] 

[49234710] 

[49349740] 

[49293700] 

[49292760] 

[49234710] 

[41 982340] 

[41 982340] 

[41 782 o !OJ 

[41 787780] 

[41 568820J 

[41 982340] 

[41 982340] 

[41 782010] 

[41 787780] 

[41 568820] 

[41 982340] 

[41 782010] 

[41 787780] 

[41 568820] 

[49293700] 

[41 982340] 

[41 770120] 
[41 782010] 
[41 849830] 

[41 982340] 

[53119700] 

[53 107300] 

[53 132000] 

[53 120000] 

[61911 000] 

[51 935000] 

[51 036800J 

[51 886600] 

[51 935000] 

[51 911 500] 

[53 119700] 

[53 107300] 

[53 132000] 

[53 120000] 

[49292760] 

[49353910] 

[492347JOJ 

[49349740] 

[49293700] 

[51 911 000] 

[51 936800] 

[51 886600] 

[51935000] 

[51 911 500] 

[53 119700] 

[53 107300] 

[53 132000] 

[53 120000] 

Int. gf 

5.4-2 

3.27-2 

1.15-2 
3.51-2 
8.04-2 

3.72-3 

1.7-1 

1.6-1 

4.5-1 

4.56-1 

1.0-1 

5.5-2 

1.0 

1.0-1 

4.08-1 

4.08-1 

2.3-2 

2.3-2 

1.05-1 

1.0-1 

4.5-2 

2.1 

4.2-2 

3.70-1 

3.72-1 

9.3-3 

3.6-1 

9.6-3 

9.0-2 

9.0-2 

3.9-3 

3.9-3 

3.7-2 

3.6-2 

A (S-I) Acc. References 

4.2+7 

2.76+8 

3.12+8 
3.54+8 
8.48+8 

1.41 +8 

1.6+ 11 

5.2+ 10 

1.5+ 11 

1.54+ 11 

4.5+ 11 

8.2+10 

1.7 I 12 

1.5+ 11 

6.3+ 11 

6.5+11 

2.2+11 

7.5+10 

C 71* 

o 71* 

C 71* 

D 71* 

3.44+ 11 C+ 71* 

3.5+11 C 71* 

1.6+ 12 C+ 71* 

1.5+13 C+ 71* 

5.2+ 11 c- 71* 

4.70+ 12 C 71* 

4.94+ 12 C 71* 

6.1+11 C 71* 

4.8+12 C 71* 

2.2+ 11 D 71* 

2.1 + 12 C+ 71* 

2.1 + 12 C+ 71* 

3.2+ 11 C 71* 

1.1 + 11 D 71* 

1.1 + 12 C+ 71* 

1.1+12 C+ 71* 



2.3941C 
2.3934c 

2.3895c 

2.3820c 

987.36c 

35.294c 

34.977C 

24.203C 

24.150C 

23.989C 

12.372c 

12.234c 

9.1691C 

8.1216C 

2.2830C 

2.2776c 

1.8246c 
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V XXII (He sequence) Ionization Energy = 55 259 380 cm - I (6851.292 eV) - Continued 

Classification 

Is~ ISo Is2p 3PO 

Is2p 1~ 

Is3p 3~ 

Is3p 1~ 

Is4p 3~ 

ls4p 11'1 

Is5p 3~ 

V xxm (H sequence) 

Cla. .... qificat.ion 

Energy Levels (em-I) 

o 

o 
o 
o 

o 

o 

o 

o 

o 

o 

o 

[41568820] 

[41 770 120] 
[41 782010] 
[41 849830] 

[41982340] 

[49293700] 

[49349740] 

[51 911 500] 

[51 93b 000] 

[53 120000] 

[53 132000] 

Int. gf 

Ml 

4.22-2 
M2 

7.28-1 

1.1-2 

1.40-1 

3.8-3 

5.US-2 

1.9-3 

2.50-2 

Ionization Energy = 58443920 crn- I (7246.18 eV) 

[43804530] 

[51 978720] 

[51 948740] 

[51 988830] 

[51 978720) 

f51 9487401 

[43905810] 

[438045301 

[43905810] 

[43804530] 

[43905810] 

[43804530] 

o 
o 

o 

o 

o 

[43905810] 

[54812040] 

[54 807 770] 

[56 120600] 

[56 119500] 

[56 117320] 

[51 988830] 

f51 978720] 

[54812040] 

[54807770] 

[56 119 500] 

[56 117320] 

[43801 550] 
[439058101 

[51 978720] 

[54807770] 

[56117320] 

Int. gf 

2.10-2 

2.2:1 

6.55-1 

8.96-1 

5.03-1 

1.63-1 

2.51 

5.88-1 

4.39-1 

1.38-1 

1.60-1 

5.65-2 

2.79-1 
5.60-1 

1.06-1 

3.89-2 

1.87-2 

A (8- 1) Ace. References 

6.07+7 B 71·,85 

85 
1.64+ 13 B 1,2,71·,85 
2.43+9 B 71·,85 

2.85+ 14 B 1,2,4,6,71·,73,74 

5.9+ 12 E 71· 

7.58+ 13 C+ 6,71· 

2.3+ 12 E 71· 

3.11 + 13 C+ 71· 

1.2+ 12 E 71· 

A (Ill-I) Ace. References 

3.58+7 A 83· 

t J~94-1? A 83* 

8.93 + 11 A 83· 

1.28 + 12 A 83· 

9.59 + 11 A 83* 

4.72+ II A R:1. 

1.82+ 13 A 83* 

6.55+ 12 A 83· 

5.81 + 12 A 83* 

2.80+ 12 A 83* 

2.65+ 12 A 83* 

1.43+ 12 A 83· 

1.79+ 14 A 83* 
1.80+ 14 A 83* 

4.79+ 13 A 83* 

1.95 + 13 A 83· 

9.83+ 12 A 83· 
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5. Explanation of Grotrian Diagrams 

Notations on the Diagrams generally have the same 
meanings as for the Tables (see Explanation of Tables). 

Abscissa 
Energy of the levels in em -1. 

Short vertical lines 
Energy levels are indicated as the vertical lines. 
The electronic configuration (with the parentage 
in parentheses) and the level energy in em -1 are 
given to the right of the vertical line, and at the 
top is the] value. Energy levels with the same LS 
label for the upper term are grouped together. 
The term designation is given at the right of the 
diagram; the ordering is by increasing multiplic
ity and orbital angular momentum. For the lower 
level, the term is adjacent to the configuration. 

J. PhYI. Chem. Ref. Data, Vol. 21, No.2, 1992 

Horizontal lines 

Limit 

Transitions between levels. The number below 
each line gives the transition wavelength in 
Angstroms (10-8 em). Heavier lines indicate res
onance transitions with absorption oscillator 
strengths f ~ 0.01. 

Principal ionization limit in cm-1 and eV. 
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0.2 

6. Grotrian Diagrams for V VI through V XXIII 

Energy (in l06 cm -l) 

0.4 
I 

'" 
t 

'" 
t 

'" 
I 

-", 

It 

0.6 0.8 

.... t ---=5...,..0..,....9."""'2-=-6..,....0--4l3S~3P"("P· J4p 
641800.3 

l [""",p;"", "j'" 

445435.6 557636.1 

-
1590.506 ~3S23pS( 2po )4p 

620509.2 

--
+ 571.190 

l3s 23 p 5(2 p O)4P 

620509.2 

-
'H;7 AOA 

L3s 23p 5( 2po )4p 
020:;OS.2 

-
363.153 

L3s 23 p5(2 p O)4P 

620509.2 

-
340.953 

L3 s23 p 5( 2po )4P 
620509.2 

-
324.105 

L3S 23 p 5( 2po)4p 

321425 620:;09.2 

I~ 

1 0 

3 
~ ..... 

c-.:> -
00 0 
• w 
~~ 
C1> 0 
<0 
~n 

3 
.!. 

1 2 

I 'III '3S 23 p 5( 2p 0 )3d 3po 

3s 23 p 5(2po)3d 3F o 

3s 23 p 5(2po )3d ! DO 

3s 23 p5(2po )3d 30 0 

3s23p5(2po)3d lp. 

t-------------------------------o875r.o~7'1----------------------------------l1 3s3p 6 Sp 
1175490 

t----------------------------------o8~7'.I~OC6-----------------------------J1 3s3p
6

7p 
1148030 

t---------------------------------n~~---------------------------41 3s3 p 6 6p 
90.100 1102540 

t--------------------------------n9~7r9~~~2--------------------~13s3p65p 
1021120 

~---------------------------------~~~------------41 3s3p64p 
117.762 849110 

I I I I 

V VICAr-Sequence) 

315 

-

lp 
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0.2 
T 

I 
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0.4 0.6 
I I 

'" 
t------=-=-~."..."...--_+l3s 2 3 p 5( 2 P 0 )(p 

360.250 62272«.5 

I )(P 
II 321.810 I 

319.149 62272(.5 

926.H9 I L3s3p 6 3d 
566433.0 

(63.418 
L3S3p63d 

566433.0 

w'" 

1I 458.487 
l3S3p63d 

452.660 566433.0 

451.890 
L3S3p63d 

566433.0 

oH8.0H 
L3S3 p6 3d 

566433.0 

'" 
392.990 

L3S3p63d 
566433.0 

/11# / 

~~_ l ~c"""pln'" 557636.1 
549298.8 

445435.6 
350644.:; 

348325.3 
345516.5 

345139.4 
327214.9 

I..... 324958.0 
.... 311977.9 

I..... 309394.8 

~
13S23P5(2PO)3d 

L 311977.9 
309394.8 
308149.8 

I I 

0.8 

I 

1.0 
T 

l' 

3 

N-
00 0 
• w 
-w 
W~ 
~ 0 
<!o 
~n 

3 

1.2 

1

II,"""'P')3' 'po 
3s 2 3p 5(2po )3d 3F o 

3s 2 3 p 5(2p 0 )3d 'Do 

3s 2 3 p 5(2pO)3d 3 D o 

3s 2 3p 5{2po )3d 'Fo 

3s 2 3 p 5(2po l3d Ipo 

3s23p5(2p3/2)(s 2(~)O 

I 

V VI(Ar-Sequ~nce) 
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0.2 0.4 
I I 

w 

'" 

N 

+ 
0 

'" 

0.6 

o 

q- 3sZ3p"( Zpo )4p 
1516.104 
1433.189 

"'0 623594.5 

1466.460 
1404.376 
1380.105 
1293.483 

-
I 581.214 

561.297 

371.523 
370.936 
367.683 
30:).1:)4 
363.285 
362.717 

367.173 

327.322 
324.575 
320.915 
320.134 
318.265 
317.006 

'" -U 3 $:2 3 p 5( 2 pO).(p 

L:: 623594.5 
617490.0 

0 

3 s Z 3 p 5( :2 pO) h 

'- 623594.5 
'-- 621757.1 
'-- 617490.0 

'" 
l3s23p5(2pO)4P 

"'0_ 617490.0 

3s23p5{ zpo >.(p 

- 623!'i!lj.5 - gHHb:b -

0.8 1.0 1.2 

/1/ 

~l l ~r'~:::::~'''' ~ 553820.1 

I I 1,,"""")3' '.' 
3s 2 3 p 5(2pO)3d ID o 

3s 2 3p 5(2po )3d 3Do 

348325J45435.6 
347899.9 
345516.5 

345139.4 
311977.9 

'- 309394.8 
308149.8 

549298.8 
5462&4.0 

3s 2 3p 5(2po )3d I pO 

3s 2 3p 5( ZP 3/Z>4s 

~ _____________________________ ~~~ ____________________________ ~I 3s3p 5S
p 

98.319 1017100 

~ ______________________________ ~~~ ________________ ~13s3p64p 

118.767 841980 

I I 1 I I 

V VI(Ar-Sequence) 

I 

317 

3p 
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0.2 
I 

I 

o 

0.4 
I 

1584.9H 
1517.931 
1515.020 
1512.655 
14.51.51 '1 

SHIRAI ETAL 

0.6 
\ 

11+----::3'""7"8 -=. 8"""3"'7'----..11 3 s 2 3 p 5( 2 P • )h 

378.687 
378.081 
3H.851 
314.747 
314.705 615177.8 

'- 612392.8 
- 612289.7 

1It-----=-30;:-5 0""".-=-'1-=-8 l=------.u I 3 s 1: 3 p o( t P " )4 p 

350.659 
348.024 
347.911 
30.265 
345.405 615177.8 

I.- 612392.8 
'- 612289.7 

'" 
11+-------;:;3:">;"3...-2.-.::9-;;"8'7"4 ---+11 35

2
3 p S( 2 P 0 )4 p 

332.878 
330.027 
329.810 
325.697 '- 615177.8 

011:391:.8 
'- 612289.7 

In 

I JXf(!j:t 
- 327214.9 

- 324958.0 
'- 322773.6 

~11q77q 

- 309394.8 
'- 308149.8 

I I 

0.8 
\ 

I 

1.0 

r 
;;1 

1.2 

II
I· L, ... (, .. ". 'p' 

3$23 p 5(2po)3d JrO 

3s 23 p s(2p. )341 ID o 

3s 23 p 5(2p. )3d 3D" 

3s 2 3p S(2p. }3d iF" 

3s 2 3p 5(2p3/2)45 2( ~). 

I I 

V VI(Ar-Scqucncc) 
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Energy (i n lO6 cm -l) 

0.2 0.4 0.6 0.8 1.0 1.2 
I I 

r 

'" 
3 

l3s3 p °3 d .-.. .... 
500.644 N .... 550384.6 

00 0 

"'w • W 
- W 

~' .3, '3d w,::.. 
488.462 

('I> 0 
<0 

.. 87.217 ~C"l 550384.6 3 549863.6 

..., ... 
c.o 

496.985 c.o 
496.180 .., 

'" 495.940 w 

495.138 
,. 

494.909 
489.360 
488.120 .... 5!in:.lILLfi 

'-- 549863.6 - 549538.0 

.. 
'" w .., 

'" w 

~~:lt-Hi~ w 
"'en 

H4.634 c.o 

443.601 
,. 

439.344 .... 550384.6 3D 
'-- 549863.6 - 549538.0 

0 
'" N 

W 

0:.0 

420.940 0:.0 

420.370 
.., 
'" .t l'L.t5R w 

416.418 
Q.. 

415.861 
414.273 550384.6 

'-- 549863.6 - 549538.0 

a~ 
\ 

lS23 p 5(2 P O )3d 

1I"""'P')3' 
IF o 

3po 

3s 2 3p 5( 2p. )3 d 3F. 

350644.5 3s 23 p5(2p. )3d I Do 
348325.3 

3s 23psep· )3d 3D • ~H~~e:5 
345139.4 nnu·% 

322773.6 

- n\U1".l - 808U9.8 

-

287.440 
1 3:s 2 3 p 5(2p. )3d 

347899.9 

3Do 
0 

[""" 
IS 

,- 0 
I I I I 

V VI(Ar-Sequence) 
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320 SHIRAI ETAL 

0.2 0.4 0.6 0.8 1.0 

r 

3 

1.2 

+-----------~_=_"~----------___4 33
2 

3 p S( 2p I /2 )5s 
128.379 778944.0 

[

[""" 'p.)3d 

311977.9 
309394.8 
308149.8 

~~~
3S23P5(2PO )4p 3p 

L 623594.5 
622724.5 

620509.2 
611490.0 

615171.8 
602914.3 

778194.1 
777549.4 

V VICAr-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 21, No.2, 1992 

III,."""P.", 's 
3s 2 3p 5(2pO)4p 3 D 

3s23p5(2po)4p lp 

3s 2 3 p 5(2po)4p lD 



'- 0 

I 
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0.2 0.4 
I 

I I 

0.6 0.8 
1 

w'" 
1+-----;;-;=-:,.-;:-:---41113s23p5(2po )55 IT 632.509 II 3/2 
TI 632.08,( 11 

627.6271L 771723.1 
L 770494.5 

-
.... 1_~,..,,-,;;-:-;:-4L3S23p5(2p3/2)5S 

596.947 770494.5 

"'-
1057.438 9-3s

2
3 p 5(

2p
3/2>4d 

984.419 
958.156 

716760.4 
709747.4 

I 

1/,;,; 

~~~~l"'::::::):' '5 

623594.5 
621757.1 

620509.2 
617490.0 

615177.8 
612392.8 
612289.7 

602974.3 

I 

V VI(Ar-Sequence) 

1.0 

3 
~ .... 
N ...... 
00° • w 
...... w 
c:..:> ..,. 

~ ° <0 
~3 

1.2 
1 

I

I L",,<,po ", '5 
3s 2 3p 5(2po)4p 3D 

3s Z3p 5(2 p 'O)4p !p 

3s23ps(2po)4p 3p 

I I 

J. Phys. Chern. Ref. Data, Vol. 21, No.2, 1992 



322 

0.2 

I 

SHIRAI ETAL 

0.4 0.6 0.8 
I 1 

~-------,~~-=--____ -+l3 s Z 3 p 5( 2 PI / 2)4 f 
226.656 191839.6 

'" 
~-------=2-;-18;;-.""99;;-,:--------+L3s Z 3p 5( 2p 3/2).H 

• 183852.1 

l C""'P')3' 
IFo 

350644.5 
324958.0 
322773.6 

I 

... "' ... 

~
'"' gs2gpS(2p30/2>(f 1416.416 

141 G. G 54 
782HS.4 
781295.9 

I I 

V VI(Ar-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 

1.0 
I 

r 
3 

N-
00° • W 
-w 
W~ 

~ ° <:0 
~3 

~ 

1.2 

ll."""P'13. 'F' 
3sZ3p5(2pO)3d 3D o 

3s23p5(ZP3/Z)4d Z(~). 

I", 

I 

-

-
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0.2 0.4 
I 

I I 

0.6 
I 

1027.219 
1019.249 

I 

0.8 

13S23p5(2P3/2)4d 2(~JC 

L 7097.(7.( 

I 

V VICAr-Sequence) 

1.0 

r-

3 

N .... 
00° . ~ 
....... ~ 
W.::.. 

C1> ° <0 
~3 

L 
co 

'" Co> .., 
...lr 

'" "'0 

Co> 
Co 

1.2 

I I 
3s 2 Sp5(2po )4p 3 D 

3s23p5(2po)4p 3p 

Ss2Sp5(2po)4p Ip 

I I 

-
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324 SHIRAI ETAL 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 
I Ir 

N'- S 
""-

_. 
1 312 311'(1 P)H ,.... ,... 

II 124.24 I <:.rI-

123.07 ol'-:l 
812550 a,~ 

"',- "',- ~ 0 

13s 2 3p'(IS)h <:0 
0 

II 150.625 I ...... n 

148.903 671570 
3 

I -"',- N'-
13s 2 3p'(IO)3d 

!f 241.91 I 2S 237.:)0 421050 

N'- N'-
I 3s3 p 6 

II 472.828 T 
456.284 219162 

N'''' [" .. , 'po 

7GGS 
0 

-
N'''' 

- - Lg W
2 g .. 4(IOHd 

122.60 815660 
N't.> 

""-
N,_ 

3s 2 3p'(3p )(5 

1 163.135 
II 161.836 
II 161.122 

159.855 ~25570 2p 
- 20650 

N'", 

N'-
3s2 3p'(3 p )3d 

'I 233.47 
II 231.99 
lL 229.38 

227.88 '- 438770 
'-- 435970 

-
NI<" 

J 3s 2 3p'(IS)(d 
117.2 853200 

N,,,, 
"',- N't.> 

Jj 35 23p'( ID)(d 
II 123.03 11 
II 121.95 U 

lZl.U t:: 820440 
820010 

N,I1I 
N'- UN~~23p'(3p)(d 

[I 127.08 II 
av.Oo 194570 2U 

793650 

N'''' N'- N'''' 
11 3s 2 3p'( 10 )4$ 

158.467 n 
156.608 638710 

638540 

N"" "',- N,<oI 
U 3s 2 3p4(3 p )3d 

.1 225.79 11 
:1 225.16 II 

221.95 450550 
444130 

I i 1 I I I 

V VII(CI-Sequence) 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 
1 I I I 

r 

"'"" :3 N'W 
~. Ilt~:23p'(3p)4s ~ ..... 

IT 164.523 III c:.n ..... 
rI 164.302 [II f'~ 

163.182 It: 615490 
en c:.n 
C'i) 0 

612810 <:0 
I...- 608640 0 

4p ~(") 

:3 
~ 

N'.., 

["'" 'po 

7668 
I 0 , , , , I I , 

V VII(CI-Sequence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 



326 SHIRAI ET At. 

0.2 0.4 0.6 0.8 1.0 

t-__________ --:-::,.,.......,,.,....... __________ --4l3s23p3('S· )4d 
113.92 938450 

+--_~-;:-;-"'----;l3s 3 p 5 
459.647 278200 

IV 

t-t -----="',..".....,~_-4l3s 3p:; 
398.204 278200 

5128.8 t 

4H6.1 c 

3692.8 t 

27072 

I 3s 2 3p' 3p 

3s 2 3p" tD 

v VIII( S-Seq uenee) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 

1.2 1.4 

r 
§!. 
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0.2 0.4 0.6 0.8 1.0 
T 1 

N .... t __________ --:--:--,-~-----_1L3s23p3(2 DO )43 

144.653 718430 

fIJ 

... -________ ---:-:,..,.--------41 3s 2 3 p 3( 2 D 0 }3 d 
224.83\:" 450780 

I\l 

t-__________ ~;;_;;_;;------------4l3s23p 3(2DO)4 d 
t 113.27 909920 

N 

... t -------="....,,-=-----...... L3s 2 3 p3( 2D 0 )3 d 
228.67 464380 

-
mO ________ ."....,...,,,....,..,,.,,-_______ .... J 3s 2 3p 3(' SO )45 

lIT 147 .126 1 
In 146.789 1 

145.507 687260 

N 

11["'::,:.: ~ 6001.8 
I 0 

I I I I 

v VIII(S-Sel11JenCp.) 

1.2 

I 

1.4 

r 
3 

....... ~ 
-.J ...... 

~~ 
,!>. to 
C1> 0 

<~ 
~n 

I 

3 
~ 

-

-
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328 SHIRAI ETAL 

0.2 0.4 0.6 0.8 1.0 
I 

N 

I+--____________ --;-:;....--.-.-____________ ~l 35 23 p 3( 2 D 0)4d 

Il1.H 903350 

o N 

11+-------------......-;:-::;-.,.,.-;--------1+1 3,2 3p 3( 2 pO ).(5 
137.491 
137.316 
137.194 
136.867 
136.078 
13:1.751 

N 

I+--____ --;;~_;;_;;-----.... I 3 s 2 3 p 3( 2 D 0 }3 d 
2.(3.69 I 

~~===~4~72~.~8~3:9===::; 
465 • .(93 -", 
462.112 
459.799 
456.13,( 

~~
13S23P' ID 

L 27072 
7579.6 
6007.8 o 

-

I... 225241.6 
'- 222405.6 
- 211486.3 

.(16330 

.... 7366.(0 

Bi~~8 --

..-____________ ~,...,.......,:-:-------------__MJ1 3a 2 3p 3( 2 DO).(d 
111.11 II 
110.55 II 
110.38 IL 905990 

L. 904570 
N 

'" 

II 115.42 III 

114.59 It HHUS 
'-- 872410 

N 

o '" 11+-____________ -::-:-::--::-:-:::--_____ --+11 3a 2 3 p3( 2 DO )h 
H2.247 
141 Q?.t 

141.864 
140.665 
140.451 

1tt------"2 3"'1 .... "3 "3 ------1+1 3 s 2 3 p 3( 4 SO )3 d 

230.82 
230.12 
230.00 
228.15 '- 440800 

'- 438300 
- 434560 

I I I 

711990 
- 710910 
'- 710600 

I 

v VIII( S-Seq uenee) 

I 

J. Phys. Chern. Ref. Data, Vol. 21, No.2, 1992 

1.2 

I 

1.4 

r 
3' 

...... ,.. 
~-
~~ 
~~ 
(t C 

<~ 
--n 

3 

1 

-
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0.2 0.4 0.6 0.8 1.0 1.2 

",-It _~:--:M:-,;---+L3 s 3 p 6 t.- 387.657 
384.382 3I9ts( + X 

u --- ___ ~l
3a23P2( 3p )3d 

276.08 
270.38 (0.560 +X 

398530 +X 

I+-----:-:'""'""""-r..-~I :
t+-~~~--+I ~ 

1+---"":1=7 -:-"1. =n ..... l ---+1 : 

tf--_-i-:36r.9~. 0:-i-:U~,,* "' .. 
364.296 309210 +X 

305664 +X 

807570+X 
802220 +X 

807570+X 
802220 +X 

v IX(P-Sequence) 

1.4 1.6 
r 
==l 

-.. ...... 
I'-' 
0-

~~ 
00 0 
\1) 0 

<g 
~(") 

3 
~ 

1.8 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 



330 

0.2 

4402.3 C 

4110.7 C 

4014.1 C 

3770.2 C 

61224+X 
59028 + X 

0.4 0.6 

SHIRAI ETAL 

0.8 1.0 

",,,,, 
N,W 

+-
_______ ~*-------t.3S23P2( 1 0 )4, 131.22 _ 

131.13 02::1570' X 
823290+X 

N'<o) 

""'" 
",,,,, 

N'<o) 

+I-!I _______ --.;.g;..;~;.:.:8;.;O~~~------___i4l3S23 p2( ID)h 

126.765 823570+X 
823290 +X 

263.58 

IT 248.69 c 

TT 247 .92 
247.70 

"'It" "',.., 

438420+X 
438070+X 

438420+X 
438070+X 

'--______ ...--_~ 3s 2 3p2( 10 )3 d 

""N,t.> 

ZZ8.Z7 
N'W 1\)''''' 

1~-"4""'8 8 ..... "'7 3""-5-# 3 s 3 p 4 

""'" ""<.1' 

IT 
IT 

v_ 

485.110 

437.005 
435.699 
433.'130 
432.663 c 

"',W 
""(,71 

"" 
"" '0 

cL... 

265835 +X 
265160+X 

265835 +X 
265160+X 

438070 +X 

I '3S Z3 p 3 45° 

3s 2 3 p 3 2Do 

1.2 

v IX(P-Sequence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 

1.4 1.6 

r 

3 

N 
0-

~~ 
00 0 
~ 0 

<~ 
'-'C") 

3 
~ 

1.8 
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0.2 

3s
2 3p 3 2880.3 C 

2752.6 c 
36319 +X 
34708 +X 

1\)'''' 

• Z 3:i. 7 Z 

["" '0' 

36319+X 

""'" 

Jt 268. 79~ 
267.64 

244.89 
244.46 
243.58 

N'''' N'w N'-
II Coo> 

~~~-i{%--- tl ~ 
452.132 

'--
'---

-

0.4 0.6 

""...:I 

l3s23P2(3p )3d 
460550 +X 

126.732 
126.152 
125.420 

""'" 
l3S 23 p 2( 3 p )3d 

"'~'f'w 408350 

221174 
2188104 
214067 

Ilt~:23P2( 3 p )3d 
III 
III 

11:: 
'--

410540 
409060 
408350 

L .. 
c.o 
'0 

w 

en 

0.8 

'" III 
111 
!ll 
il:: -

797320 
792690 
789070 

1.0 1.2 

v IX(P-Scqucncc) 

1.4 1.6 1.8 

3 

4p 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 



332 

0.2 0.4 

I~ .. 
Co> 

~ .. 
w 

"'C 

~-.~ ... ~~l3S3p3 
365.518 341335 

t--~IrIr;;-r;_-tl3s 3p 3 
323.811 341335 

It-----;;;;~;_;;_;;'-_+ 3s 3 p 3 
301.283 H1335 

.. 
~~~~~~L3s3p3 

404.106 279969 

It--"""""""......".......,,-........ 3s3p'" 
369.612 279969 

SHIRAI ETAL 

0.6 0.8 1.0 1.2 

t-_______________ -.~~----------------~L3s23P4d 
94.96 1085600 

V X(Si-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 

1.4 1.6 1.8 

r 

3 
.-.. ~ 
N 
w-
0 00 
• tJl 
tJl co 
~ 0 
<0 o 
--n 

3 
I 

2.0 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 333 

Energy (in lO6 cm-l) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
I I I I I I 

t""" 
I 

- ~. 
1 toO 

...... ,.. 
N 

II 313.990 1 ;:. w-
II 308.903 1 'Ow 

0 00 
• VI 

30(.9H 327902 
c:J1CD 
~ 0 
<0 3So 0 ...... .., 

0 
3 

("3" 3p .!. 

9(21 
U80 
0 

-
-N 

'" 11 116.85 '" 
II 115.78 '" .., 
II 115.58 :-

U5.09 .... UUgg '--

"'-
il Coo 

/I 265.70 1/ .. ", 

II 262.04 1: 
~I 258.28 11 .... 

255.54 .IL- 3913(0 
I..- 385790 

0 

w 
-", 

3119.9 c '" 
3] 0] .5 c Co> 

3042.0 c 
.., 

3033.8 c 

3022.6 c 

30H.5 c 

3005.3 c 
3p o Z991.4 c 

~ 254337 
'-- 254U7 - 253936 

0 

'" 
Co> 

(08.630 .. 
Coo> 

408.304 
.., 
'" 400.390 

400.056 
399.719 
OJ::lOj.4u9 .... 2H337 - 254147 - 253936 

~~ 
[,3,' '0' 

222104 
221072 
220984 

9421 
4180 
0 

I I I I I I I I J 

V X( Si -Seq uenee) 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 



334 SHIRAI ETAL 

0.2 0.4 0.6 0.8 1.0 1.2 

w 

'" 
.. + ------------,"""'"""',..."....------------1l3 s2 3 P 4d 

94.23 1070600 
w 

55B.329 c .... + __ ----4l3S23P3d 
401210 

w 

+-t __ ~~~ __ -+l3s2 3p 3d 
271.22~ 401210 

1I~----~2S~S'.S~4~---MI~ 

:~=====~~ ~~~~:-=-~~~~-=--=--=--:~ ~ 
1+f---~2 S"'2;-.;'-:1 7;-----1+1 Co 

2S0.S3 
L- 401210 
I- 400140 

I.-. g99130 

w 

t L3s3 p
3 

527.439 222104 

461.245 
HI-OSO 

452.522 222104 
'- 221072 
'-- 220984 

L 
'" c.o 

"0 

'" 

I J I 

V X(Si-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 

1.4 1.6 1.8 

3 
....... ~ 
r-.,:) 

?~ 
U1 to 
('1) 0 

<~ 
~n 

3 
~ 

2.0 
I 
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
I r 

:'\)1-
3 

""W 
1 35 2 45 -- ... 

IT 107.57 I ~~ 
106.42 939500 • 0) 

-.J C'..:> 

N'W N'- ~ 0 

13s3p2 <0 
0 

II 353.144 --- ,.., 2S 346.123 288914 
3 
.:. 

""-r" 2po 

9696 
0 

-
N'-r,,,w ",,'" 

Co> 

336.580 Co> 2p 330.913 "'", 
325.945 
320.626 ..... 311890 

'-" 306801 

"",., N'-"',<.> 
II 353p( I pO )3d 

II 342.982 II 
" 342.982 669304 

668411 
N'-"',-N'''' II 3s3p{ I po )3d 

11 280.48S C f1 
11 279.778 lJ 
II 276.541 11 

275.869 IL 669304 
'-- 668411 

""-""-
+ 263.507 C 

l3 s 3P( I pO )3d 
668411 

""w ""-
i 229.653 C 

l3S3P( I pO )3d 
668411 

NIt.> N'-

f 241.202 C 
l3 53P( 'po )3<1 

647563 2po 
""W N,t.> 

N'I1' 

L3S3P(3PO )3d 

It 37 5.528~ 
314.469 643H2 

""t.> 

N't.> 
NI-

3s3p( 3p. )3d 
II 301.158~ 

II 297.909~ 

296.612 
293.460~ ~ 647563 

'-- 643942 

-- L flrr'" '0 
Co> .., 

N N 371650 
Cl -0 376897 r: 311890 

306801 
288914 

232972 

I I I I I I I I 

V XI(Al-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 21, No.2, 1992 



336 SHIRAI ETAL 

0.2 0.4 0.6 

""'" ""-

0.8 

t-_~~~_-Ht3S3P( 3p 0 )3 d 281.668 _ 
278.824 647563 

643942 

+------:------,.---+L3 s 3 P ( 3 P 0 )3 d 
213. H8

c 
643942 

""""w 

""-NI- NI(J 

515.796
c ~"".., ~ 

513.315 '" 
502.602 

500.248 c 

"',.., 
""'" 

"",,"'" 
+t---;;'l3 6 ..... 6"""'. 5"'1M1'""-t1 ~ 
1+---3~6"::'-6 .;";;'4ori--H ... 

J6;'.JZJ 

~8HU 

506702 
5D5765 

1.0 

~ l lr':u~~ ~ 288914 

II 1"",., 
3s3p2 2 0 

3s3p2 2 5 

233778 
232972 

179812+X 
176101+X 

1.2 

"',.., "',.,. 
It---------................. ..---------H 3s

2
4d 8 . 68 

""'" N,,,, 

1+---,0;:;'7;;"'2 .=3 3~2'----+1 ~ 

tt---:~~~~~ :-=-~ ~::';:!~--+I '" 

"',w 
""'" 

1+-...,...,.,....."..".....-+1 ;' 
It--...,..,.."....,...,...,...-tt ~ 

'" 2~n778 
232972 

87.16 

37765D 
376897 

1.4 

V XI(Al-Sequence) 

J. Phya. Cham. Raf. Data, Vol. 21, No.2, 1992 

1.6 1.8 2.0 2.2 

r 

3 
~,.... 

Nl\:) 
c:.TI o 
~C) 
-.IN 
~ 0 
<0 

0 
~n 

3 
.:. 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 337 

0.2 0.4 

N'W 

""'" 

0.6 0.8 

"''''' 
++----=-=-=~~I 3 s 3 p ( 1 pOl 3 d 

672931 
671911 

1~----=2"""7 ,.....,.7=-7",-"8 --+1 3s3p{ 1 pO l3d 

NIt.) 

""'" 

276.963 
273.888 672931 

671911 

t+-lt_--,2~9~9 • ..;.5.;..:48~-4H 3s3p{ 3
p

• )3d 

298.960 ~ 567614 

NIt.> 
NI(}1 

""<.> 
""(}1 

567465 

1t--4-5 5-. 9-9-'4 ..+1 ;: 

454.325 
453.162 
45I.512 454450 

453079 

~
~ ~~ [~.Z~d zD 
'" '" L 377650 
O"ll 376897 

311890 
306801 

233118 
232972 

1.0 1.2 1.4 

4I-11 _____ ---;.;.1l.;..:9 • ..;.:36;..-.. ____ ~t3S24f 
119.28 1215500 

1215300 

""(0) 
""(}1 

~ ___ .....,.....---4L3s3P{lpOl3d 
294.395 c 651570 

N'W 

""'" 
"',..., ",,<11 

't--,3=6 ...... 7 ."""51-=-6 - .... , 3s 3p{ 1 pO)3 d 

365.070 
364.073 651570 

649747 

'''----=-2...,.,'' O=-. 3=-=3"""'3 - .... 1 3 s 3 p ( 1 pO )3 d 

239.354 
238.892 651570 

649747 

V XI(Al-Sequence) 

1.6 1.8 2.0 

r-
3 

2.2 
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338 SHIRAI ETAL 

Energy (in lOBem-l) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
I I I 

t""" 

3 
L3S3P(3pO )3d ~ .... 

240.560 c ~ 
c.n~ 600659 c.n= 

NI-.) 
• 0) 

~""('P'l3d 
-.J ~ 

464.421 c ~ = 
<0 

462.802 e 0 
~n 

448.412 c 
3 

600659 
~ 592972 

"''''' !\)IC]\ ""-.) 

11 3s3p(3pO )3d 
2FO 11 278.401 c II 

11 277.778 Jl 
272.568 !:: 600659 

592972 

l ~ r3d 

'0 

I 
"'" " "'" 'o:l 

N 377650 
N 

<;;;I in bH91 .; 
233778 
232972 

184963 +X 

NI'" "',w 
It.:> 

IH 358.846 I 'o:l", 

1" 352.334 I 
347.787 463634 + X 

4So 

["" 'P 

Hnr~~~ 
176101+X 

-
""'" "''''' "'I<" 

I~ 
106.00 

l~ 105.34 
105.03 
104.74 1134400 + X 

1128300+X 

L3S3p(3 p O)3d 
4po 318.207 e 

""- "',0!'i'_5480.~Q+X 
NIW 
NI(" 

3s3p(3po)3d 
275.42('-
271.572 
267.658 
,b I.H9 

264.624 c 
'- 553995+X 
'- 549712 +X - 548039 + X 

i I I I I I I I 

V XI(Al-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 339 

Energy (in lO6 cm -l) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
I I 1 I T 

r 

3 

l3S3P(3 p O )3d 
--. .-

310.761 e 
C'..:> c.n N 

"''''..;,r-;,,,, 555569+X c.n= • en 

""'" 
-..J C'..:> 

3s3p(3 p o)3d ~ = 
269.828 <= = 
269.71B 

~(") 

266.675 3 
266.202 
26-5.988 

ggE~~ :~ 4DO '--
'-- 555H7+X 
'-- 551089 +X 

~ L"" 'D 

L .. 
'" '0 

233778 '" 
lU963+X .; 179B12+X 
176101 +X 

I I I I I I I I I 

V XI(Al-Sequence) 
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340 SHIRAI ETAL 

0.5 1.0 1.5 2.0 2.5 , 
r 

e a - -. 
I L3s4 s .-.. ..... 

105.74 t,,;)N 
1227300 0A-

0 ~oo - ...-tIl 

409.64 I L3P2 C"IIO 
<:0 1S 525745 0 ...... n 

3 
~ 

L'" 'p' 

281627 

-
-
1 3110p 

43.358 2306400 

-
l3sh 

44.U J 2271200 

-
13sSp 

45.071 2218700 

I 3s7p 
46.913 2131600 

-
13s6p 

50.056 19971100 

I 3s5p 
:lb.b!>!> 1765100 

-
1 3 .. 'p 

76.307 1310500 Ipo 
-

402.90 1 
861555 

-Q 

I 297.73 
L3 p 3d 

861555 
,., -
I %40.0 u t l3 p 3d 

IIbl!)!):! 

-
I 3s 3p 

355.07 281627 

0 

r ~~ ~ L'.d 'D 

o 613354 
525745 

4(5775 
0 

I I I I I 

V XII(Mg-Seq uenee) 

J. PhV8. Chem. Ref. Data. Vol. 21. No.2. 1992 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 341 

Energy (in lO6em-I) 

0.5 1.0 1.5 2.0 2.5 
J I I I~ 

3 

L3s 6! 
~ ;:.: 

66.806 <:.0.: 
ON 2042000 oo~ 
• 00 
- c.n p S 5f ro 0 

76.960 <0 
1844500 ~~ 

3 

82.348 t 
L3p4d ~ 

1660100? 

'" 
....... 

.... 

~ 106.885 ~~ 106.820 1480800 
1480600 

t 
10f) 161 1480600 

502.141<_: 3F O 

SOO.U8 c 
CoO 

499.38 "-
490.08 
488.47 
476.78 

754909 
H9216 
144314 

334.97 
l3p3d 

7U314 

r ['3d 
3 D 

~ ,<51" 
6H40:l 
SH068 

445775 

N 
... .. ..... III 

III 
104.66 l; 104.58 
104.45 1712300 

170HOO 
1100500 

3G 

[3d ',' 
754909 
749216 
144314 

I I I I I 

V XII(Mg-Sequence) 
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342 SHIRAI ETAL 

0.5 1.0 1.5 2.0 2.5 

r 

w 3 
'" 
I L3p3d 

~ .-
286.05 ""'I"\:) 795356 0,::.. - ?"oo "'", 

- U1 

9~ 
~ 0 

408.65 <0 
399.70 0 

~n 

398.624 c 
3 

397.72 ~ 3DO 795927 
795356 
789199 

~ ['3d '0 

o 5,(5169 
54H93 

445775 

-
Col -
t L3P4f 

108.93 1713400 

N w 

I 105.49 
l3PH 

1705000 
N 

'" .. 
II~ II Coo> 

lIT 290.31 11";. 
HI 286.287 
[II 282.880 1099356 

L..- 1098514 - 1097824 
N -... 

330.'86~: 328.954 '" 
324.014 

1099356 3F 1098514 
1097824 

'" "' ... 

I r 11 Coo> 

330.78 II ~ 
322.513 1098514 

1097824 

R_ 

II lp3d 'F' 

~I P 3~9:S;~9;9; 3p3d ID o 

3p3d 3 p o 

789199 
788448 

757015 
754909 
749216 

L.~ ..... 744314 

.. 
IN 

+ 59.092 Ll<g~237400 
3FO .. w 

t 61.921 
L3s7f 

2160100 

I 

V XII(Mg-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 343 

'" 

lIt 

289.577'-
289.22 
288.65 
283.64 
283.30 
281.09 

198737 
191509 
188311 

0.5 

~ 

Energy ( in lO6 cm -l) 

1.0 1.5 2.0 

N..., 

w 

~~ 6 I. 717 
61.455 
61.352 

1819000 
1818700 
1818300 

1721500 
w W 

... 1 -----:-;:":~::------------+L3 p U 
f 107.83 1722700 

545169 
544493 
544068 

~
13P3d Jp. 

L 795499 
795356 

I ~:,u I U 

8 
8 
8 
8 
8 

is 
Ii 
19 
) 7 
i9 

l.-

I....-

1425500 
1425000 
1424500 

1662400 
1658200 
1658000 

w 
Jlf.---;:;:-;;-;;;--;;-;;--itl "" 

-----;~ ........ ~ttt ~ 

459478 
450927 
446265 

795927 
795356 
789199 

V XII(I\1g Seq uenee) 

2.5 

-
:3 

:.,..jN 
0..::.. 

2026800 ~CC> 
2026600 - <:.:n c:> 0 

<0 
0 ....... :'") 

3 
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344 SHIRAI ETAL 

0.5 1.0 1.5 2.0 2.5 
I 

r 

'" '" 
3 _. 

<-> ~,.. 

302.080 "'" o~ 

301.680 oo~ 
• 00 

301.680 - C1 
~ 0 

295.841 <0 

295.405 - 1126966 
~o 

("l 

112606 3 
N ~ 

562.25 ~3P2 
0_ 

o 459478 
-N 

~~r 
396.53 
392.53 
385.47 3p 
383.53 
380.78 
373.17 

459478 
450927 
.. 6265 

~~l~ 281627 

r" 'po 

795499 
795010 
788448 

198737 
191509 
188311 

-
N 

N 

I 82.024 
l3p4d 

1678600 
-N 

0", 

n 100.37 ~; 100.13 1458200 
1447200 

'" 0 

411.05 t=t~ 398.498 c 

397.12 
195499 
795010 
188448 

'" 0 - III .... 3po 
I 296.28 II ~ 

Z90.63 
290.21 it 795499 

795010 
L...- 788448 

1 3 s 3 p 522.4 
191509 

<:> 

r ~; [''' 'n 
545169 
544068 

459478 
450927 

0 

N 
W 

! L3s 8d 
49.226 2230200 3D 

w 
N 

j 
51.208 

L3s7 d 
2151600 

i L I I I 

V XII(I'v1g-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 345 

[

,3 S 3P 3p. 

L 198737 
191509 
188311 

0.5 1.0 1.5 2.0 

~ ___ ---"'''''''''''''''-;:-::-____ ''''''''l3P4r 
113.39 1732800 

.. 
~~"""""''''''L3d2 

365.134 11247:l7 

13P3d IF" 

L 850871 

1212500 

1116900 

1552600 

~lf-----------,~;..;i~j~H~------.........wl~ IS"'OO 
1545400 

~! 198737 
191509 

I~~~,.-:-----U: 
I~~'::";":";:";"'--U '" 

~
13P3d 3D· 

~ 795927 
195356 
789199 

1126966 
1126208 

V XII(Mg-Sequence) 

2.5 

3 

2110200 

1967700 

3p 
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346 SHIRAI ETAL 

0.5 1.0 

~"""""""~""'L3d2 
382.462 1123022 

'" 
.-----"~..,,..--,._ .... L3 d 2 

273.215 1123022 

.----::-:,..,.--,~---4L3 s 3 d 
301.45 6133~4 

It L: 404.79 
tf-.~---"". N 393.30 

445775 

13P3d Ip. 

L 861555 
757015 "H~ 281621 ~ 198131 

191509 

l 
696.083e ~ 3p 3d 
~ 757015 

~-=-=-""""":----1L3 P 3 d 
321.30 757015 

t~ ['3d 'D 
613354 

445775 

1.5 

c 

~---------=~~--____ --4L3P4d 
83.677 1640800 

421.02 

~------:-~=-=--____ ~L3 s 4f 
113.78 1492100 

95.58 

~ __ -1L3p3d 
850871 

! 

1492100 

+------,,......,,......,,..,.....-~L3 P 3 d 
255.50 850871 

~; L'" '0 

t., 
"0 

'" -
613354 0 

459478 
445775 

, I 

V XII(Mg-Sequence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 

2.0 2.5 
I 

3 

3 

-

-

I , 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 347 

0.5 1.0 1.5 2.0 2.5 
I I T 

" _. 
0 3 - _. 
L3 S 4S .............. 

I 105.74 ~!'-' 1227300 
00':::" 

0 
• 00 - -~ 

L3P2 ct> 0 
409.64 I <0 IS 52;>745 ~~ 

:l 
! -C' 'P' 

281621 

I 3310p 
43.358 2306400 

1 3s9p 
44.03 2211200 

I 3s 8 P 
45.011 2218100 

I 3s1p 
H·913 Z131600 

1 3s6p 
50.056 1997800 

-
56.655 

1 3s5p 
1765100 

-
1 3sh IpQ 76.307 1310500 

-N 

402.90 f L3P3d 
861555 

-0 

t 297.73 
L3P3d 

861555 

-N 

t 240.512 c PP3d 
861555 

1 3s3p 
355.07 281627 

0 

~ ~ ~ [3d 'D 
613354 

525145 
445775 

0 

- N 

t 64.920 
- - l3S5~822000 

ID 
N -

I 81.363 
L3 S 4d 

1426300 

I I I , 
V XII(Mg-Sequence) 
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348 SHIRAI ETAL 

1.0 2.0 3.0 4.0 5.0 
I I I 

3 
-.. ~ 
w

N 

~~ 
NN 
-'IN 
t,Oc:.n 
~ 0 
<n 
~3 

~ 

"""" "',," N'''' 

259.07' ~: 
258.89 c .! 
258.87 c -

2332800 
2332500 

Nit" 
NIW 

liN 
II 121.061. 11 "co> 
II 12I.02~ /I ::: 

120.98~ 2332800 
2332500 

N~<t", 
NI'" 

N'''' 

If 

~S.9741: l~ 55.967 
55.932 2332800 

2332500 

NIIoI NI'" N' .... 

'02.'" J§t: .02.25 C ~ 
402.14 C 

-
2195100 
2194900 

N'W 
N,UI 
N' .... NIUI 

1/N 
11 145.261. II "", 2FO 
11 145.221. 11 ~ 

U5.U 2195100 
2194900 

""w N'UI 

"''''' "', .... 

It 
60.645!: l~ 60.640 
60.596 2195100 

2194900 

N'1oI 
N'<1I 
N' .... 

216.73' J§==t: 
216.68 c ~ 
216.46 c -

1967990 
1967880 

N'1oI N'''' 
N'<1I N' .... 

ij 70.327'"' l~ 70.323 
70.262 1967990 

1967880 

NI'" NI'" 

N 

II 99.65S c "CI 

'" 11 99.634 ... 
99.531 L.. 1549620 - 1549410 

l~ ~ 
["" '0 

1946500 
1946230 

1506480 
1505900 

545950 
544700 

I I I I I 

V XIII(Na-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 349 

1.0 2.0 3.0 

1~------=78~.~78~3----~1~ 
+t-___ ;.;;78~.1~4~6 -----41 : 

78.101 1506480 
1505900 

t\)1-- N~~U'I 

E=i
""W ~ 324.496 

:: 323.189 
Q. 313.305 

545950 
544700 

IS3.I7\.. 545950 
544 700 

49.642 
L2p611 f 

2560400 

2526400 

2483200 

"'"" "1'''' 
210.53 c + l 2 p

b 8f 
2421500 

210.41 c f l 2 p 6Sf 
2421500 

N'''' N'''' 

53.318 (. 
l2 p 6 Sf 

2421500 

~::ON r'" 'D 

~ 1946500 
1946230 

1506480 
1505900 

V XIII(Na-Sequence) 

4.0 5.0 

2FO 
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350 SHIRAI ETAL 

NI
Nlw 

NI
N'W 

1.0 
I 

N"" N'" 

2.0 
J 

""I.> 
""'" I1N 

lUIt--1~5 7"-". 8~8-"-'---1+11 "'c" 
11 157.881.. II: 

157.83'- t:: HBUgs 
NI~ N,.!,'j'", 

465.29
c t=tN

'" :: 

465.09 c .;: 
464.86' A. 

"','" 
343.21

c E=tNIW 

:: 
342.97 c .: 
HO.79 c 

A. 

N,_ 
N'W 

N'W 

"'"" liN 
1'llit---l--:-2-:-'6.-=-=5S:7"t"--+III..,,,, 

.... lll __ ,-,:,12-::-:6 '7'55:-,.' "--+111 : 
125.881.. 

N'N'W 

NIW 
N .. " 

II N 

1I1t--"1 8--:-0 -. 6~8 "----+1\1 "'", 
II ISO.60 c 11 ~ 

NIW 

N"" 

2183000 
2182800 

2183000 
2182800 

2183000 
2182800 

" 179.271.. 1946500 
1946230 

N'W 
N'", 

It 
58.490e ~:; 

t+-------i~"i-:~: :M;~i:..------+ i. 1946500 
1946230 

236530 
'- 225520 

"','" 
884.02 c ~ij~i" '~" 
879.51 c .: 
851.14 c 

A. 

1506480 
1505900 

I 

, 

~
£ ~~ ~[2P65f 2Fo 

N N L 1967990 
-c .." 1961880 

o 0 1891430 
1889360 

1549620 
1549410 

1392180 
1388410 

r 
3 

3.0 
I 

I 

L .., 
'" c.n .., 

V XIII(Na-Sequence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 

4.0 5.0 

I 



It 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY I()NIZED VANADIUM 351 

236530 
225520 

1.0 2.0 

190.52~ 

190.45' 
189.77 

97.702 
97.S83'" 
91.287 

45.87S'-
45.873 
45.S45 

""w "',," 
N 
'0 

'" Ot> 

"-

N'"" 

"'"" 
'0 

'" Ot> 
Q, 

N'IoI 

"''''' 

~~ 
NI'" NIU'I 

280.l0 c ~ 
280.0Z c 

0-

r 

3 
~ ..... 
W 
w N 
O)-.l 

~;::; 
--:IN 
<:0 c:J"I 

~ 0 
<(') _3 

I -

UU~gg 

2416500 
241S300 

241S500 
241S300 

280.2S
c 

E=t""'" ;: 

2325000 
2324700 

N'<1I N'''' Nt<" N'''' 
Nt 

128.98 
'CI 

'" 1::8.97 .... 
"-

128.93 2325000 
2324700 

.,,- N'''' 
N'''' N'<I' 

N 

107.31 'CI 

'" 107.27" "-
10S.80 c 

2325000 
2324700 

N'''' N'<1I 

47.889 C 

l~ 47.884 
47.S37 2325000 

2324700 

3.0 

~
~~~ [---IL"" ", -} 

N N 1967990 
,,"" - 1367000 

o 0 1891430 "C 

18893S0 
1549620 
1549410 

1392180 
1388410 

4.0 5.0 

V XIII(Na-Sequence) 
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352 

1.0 

+f---1"""'1 O:-.-=-=f> 0----"" !;;' 
~==jljj18t· 0~8===.! '0"" 

117.91 1392780 
1388410 

+---------;7~2 .~02~5--+1 2p 64p 

71. 799 1392780 
1388410 

"',<.> 
2p

6
3p H3.427 

""N' .... 

422.784 
236530 
225520 

2.0 

SHIRAI ETAL 

"',.., 
"'"" 

3 

3.0 

+l-It ---------:-!~~ :..;..:;; ~;..;.~---------'r p' :1,: 66" 
2556000 

~~ L 236530 
225520 

N'W 

"''''' 

NI(J'I tv~r'l1I 

222.96 C 
;; 

223.01
C 9""'" ~ 

222.91 c 0.. 

[~ r" 'F' 

..,;' ~ 1967990 
" 1967880 

1549520 
1549410 

2479000 

2479000 

2416500 
2416300 

2416500 
2416300 

V XIII(Na-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 353 

1.0 
I 

2.0 , 

""N'''' 
..-__________ ---,..".......,...,;-;;-----+11

1 
2p 6 6p 

46.482 U 

N'<.> 

"'"" 

46.460 IL 2152400 
L 2151400 

NI~ N~"jW 

260. 78
c E=[""<II ~ 

259.77 c :: 
259.38 c 

'0 

""-

1891430 
1889360 

.... "'_'-_----,.--+lI,N ~ '; 6 5 p 

I 169.82" 11 
169.22" 

""-"'" .. 

189100 
1889360 

II N 

4I-TTI---~---14-.3-68"""I,;---1UI '00> 

II 74.321 II ~ 
IT 74.254 c IL 1891430 

L 1889360 

II 2p B5p 
~------------------5~2~.9=28~1l1 

52.870 1891430 
lR99'lSO 

3.0 

3 

I~ .. ,," 
[ 54,,00 

l
~ ~~ l---[2?5

5d 

2D -~ 
'" '" L 19~6500 

:n 0 1946230 N 

1846100 CIl 
1506480 

13004§i05900 

'- 0 

I I , I 

4.0 5.0 

2po 

I I 

V XIII(Na-Sequence) 
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354 SHIRAI ET AL. 

1.0 2.0 3.0 4.0 5.0 
I I 

'" _. 
3 

~ ..... 

~~ 
~f':) 
-..IN 
c.::> c:.n 
Cl> 0 

< ::1 

~3 
I -

N'e.> 

24.517 
i 1'~;53S2 

24.202 L:: 4132000 
4079000 

NIW 

- l, p6 11 p 
39.181 2552300 

N'-Nle.> 

12p 5 1O p 
39.721 2517600 

1\)'-
1~~;69p 

40.n7 2470500 

N'(j\ N'W 

2I8.53 e t l 2p 6 Sp 
240UOO 

N'-

N'e.> 
N'W 

21S.40 c t L2p 5 8 P 
2404100 

"''''' 
NIW 

I Ill. 41 C 
L2p 68P 

2404100 

""w 
~:: 

t 111.33 c l 2p 6 8 p 

2404100 

N'''' N'e.> 

f 53.817 e L2p68p 2po 
2404100 

N'''' 
~:;:; 

I 53.781 e L2p
6

8p 
2404100 

""-
1"'~;68p 

41.596 2404100 

278.40 c .:.:.--..l~;67P 
2305700 

N'-

278.19 c ~~;67P 
2305700 

N'''' 
NI'" 

~ 125.12 c L 2p 6 7p 

2305700 
N'-

NIt .... N'W 

I 125.03" 
L21'6 7 1' 

2305700 

N'''' N,W 

! 56.82S c L2
p0

7 p 

2305700 
""-

N'<.o> 

C;;S7 p f 56.786 G 
2305700 

N'-NI<.o> 

12p 67p 
43.371 2305700 

NI-

t ~ ~ r" 'D 

1946500 
1946230 

1506480 
1505900 

545950 
54COO 

0 

I I I , I I 

V XIII(Na-Sequence) 
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SPI::CTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONI:ZI::D VANADIUM 355 

1.0 2.0 

:3 
~ ~ 

w 
w~ 0':>:: 
~~ 
-..J~ 
<:0 c:.n 
(1) 0 
< C'"l 

~3 

3.0 

t------------.4"3 .n2;:;68;--------~L2 p6 11 s 
2047800 

t----_______ -...,...-n-;-;;-______ -4l2p610 S 
44.013 2508600 

2462800 

199.37 C 

IIlS.SSc +f------4 
2393000 

N,W 

If 46.395 L2p
6

8S 

46.118 2393000 
N'-

250.65 c 

II L2p67 s 
249.35 c 

2290400 
N'-
N"" L2p

67 s II II!. 41 ~ 
11 0.87'- 2290400 

N,W 

n 48.682 L
2p

6
7S 

48.435 2290400 

"'.SO' ~.7w [;;". 
420.80 c 

2127000 

N'W 

" 

136.20~ 
135.39 

L2p
6

6S 

2127000 

""W 
L2 p 6 4 S Ii 93.994 

93.025 1300490 

~~ ~~ r" 'po 

1891430 
1889360 

1392780 

236530 
1388410 

225520 

V XIII(Na-Sequence) 

4.0 5.0 

2S 

J. Phys. Chern. Ref. Data, Vol. 21, No.2, 1992 



356 SHIRAI eTAL 

1.0 2.0 3.0 4.0 5.0 6.0 
I I I I 

~------------------------Oft~n-______________________ ~L2S2p63P 
18.782 53UOOO 

-r-------__________________ ~7T~----------------------~12s2p63p 
18.870 5299000 

12s 22p S(2p ~/2)3p 2( ~) 

L U87211 

-
t---------------------------....-.;-"'7'I;""~----------------------_+l 21 22 p 5( 2 P i /2 )(S 

17 .575 5690000 

-
17.75( 

1 2s22p5(2p~/2)(s 
5632000 

-
1 25 22p5( 2P3/2 )3s 

23.794 (202700 

-
(36.978 ij"'"'' 'p; n >3, 30(.211 

4585819 
((859(( 

-c 
720.(56c +-lh22p5( 2p 3/2)3p 

UB7211 
N_ -C) 

508.625 ~"'2""Pln)" 
379.6U 4U S07O 

( 7211 

-

7.0 

r 
3 -- ... 

oo~ 

~~ 
O~ 
~ 0 

<:g 
....... n 

3 
.:. 

~r20",p;n) .. (~.~ ). I 
2s22 p 5( 2p 3/2)3s 

4257100 
4248410 

(202700 
4190606 

J I I 1 I 

V XIVCNe-Sequence) 

J. Phv •• Cham. Raf. Data. Vol. 21. No.2. 1992 

(~.~ ). 

8.0 

-

-

1 1 (_ • _)0 
2 2 

3 1 (_ • _)0 
2 2 

2 ( 1 ) 
2 

I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 

1.0 2.0 3.0 4.0 
I I 

5.0 

[

2S22PS( 2 P 3/2 )3d 

L (696000 
((692510) 

(257100 
(2 (8( 10 

-4202700 
HS0606 

6.0 7.0 
I I 

t--------------------,-,,,.-,,-.,,..,,----------------41 2s
2 2p 5( 2p ~ /2)4 d 

16.939 5904000 

~---;;-:-...".-;-~--4L2 s 22 p 5( 2 P ~ / 2)4 d 
71.317 5888124 

t-------------------__________ ----41 2s 22p 5( 2 P3 /2)4 d 
17 .094 5850000 

I I 

12S22P5(2p~/2)3P 2(~l 

L 4485944 

V XIV(Ne-Sequence) 

I I 

:l 

357 

8.0 
I 

-

I 
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358 

1.0 2.0 3.0 
I , 

, I , 

SHIRAI ETAL 

4.0 5.0 

... 

'" N 

6.0 , 

t--__ .."..,...~_-.... l2S22p5(2p3/2)4P 
65.330 5721285 

!'iR9 

71187 

I J 

11 

I 

5835457 
5833302 

V XIV(Ne-Sequence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 

7.0 8.0 

3 

-

, I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 359 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
I I I 

-

-

I J I I I I I 

V XTVCNe-Sequence) 

J. Phya. Chern. Ref. Data, Vol. 21, No.2, 1992 



360 SHIRAI ETAL 

1.0 2.0 3.0 4.0 5.0 6.0 , T 

N'-
1+-----_______ -,"",-;;-;-___________ -41 2s 22p4( I D l3d 
II 19.671 I 

19.443 5143200 

1~"'_'------------~_:_="~----------..IN~~ 22 P 4( 1 S )3s 
11 21.285 1 

12 s2p S 
': ·I----01-=2-=-2 .-=0""'0 =-5 ~I 

113.930 877732 

21.019 4756200 

I+-____________ -."..,.....,~----------_~I 2S22p4( 1 D l3d 
J 19.589 J 

19.369'- 5163000 
"',
N'", 

1+
1
--------------;2'"""0""""'.0:-::3=8-----------41 2s<!2 p 4(;;!p )3d 

II 19.903 
iI 19.80 

19.671 

IJ 22.083 
11 21.909 

21.800 

'- 5082500 
'- 5048600 

L. 4586800 
L- 4564300 

NIW 
NI-

~----------~~.;...:;-------------Ut2s2P5(3PO l3s r 22.375 _ 
22.214 5379400 

5347000 

2po 12S2pS 2S 

L 877732 

I I I I , , 
V XV(F-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 

7.0 8.0 

2p 

-

I I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 361 

1.0 2.0 3.0 4.0 5.0 6 0 7 0 8 0 
I I I 

r 

N'-
I/

N

;;Z2p4(lSl3d 

3 
~ ~ 

IT 19.203 11 
<0 
-.J-.J 

II 19.028 JI 0>00 

18.991~ l: 
~ --..J 

5265600 <g 
5255400 ~o 

0 
"'.)I(J'l 

NI- 1I"'~;22p4( 1 D l3d 

n 
3 

IT 19.518 If ~ 
rT 19.366 11 

19.298 5181800 
5163700 

NI.., 
NI- I/N~:22P4cJp )3d 

IT 19.988 II 2D 
II 19.757 11 

19.645 ~ SOOO400 
5061300 

NI- N~'fw 

IT 21.832 
1l2s 2 2p4(ID)3s 

11 
21. :>68 

HU~88 

"'I'" 

r'" zp. 

58093 
0 

-
NI'" 
I 2s22p4( 3p )3d 2F 

19.725 5069700 

-
NI.., 

"'1- "'"" 2s22p4( 3p )3d 
IT 20.078 
I 19.888 

" 19.844 
19.782 '- 5055100 

'-- 5039000 
'--- 5028200 

"'It" 4p 
NIt.> 

NI- IIIN~:22p'(3p)3S 
IT 22.232 111 
II 22.192 III 

22.083 IL 4556100 
4528400 

'--- 4506100 

,,"'" 
I 2s 2 Zp4(lp)3d 4F 

19.844 5039300 

I 

V XV(F-Sequence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 



362 SHIRAI ETAL 

1.0 2.0 3.0 4.0 5.0 6.0 
I 

- 0 

138.168 ! LZp 6 
1769360 

0 -
I 103.043 

LZp 6 
1769360 

",0 

+-lZs22p4 857.14Sc 
237705 

0 

~2s22P4 529.9 
237705 

,., 
~ 

I ts 2 2p 4 3 p 

~. l C'" 'po 
2s2 p s 3p. 

; 121039 

1045590 
798899 

48937 

0 

+ 

N 

! 

-0 

+ L2 s 2 p 5 12 3.78 0 
1045590 

-N 

I lOS .160 
L2 s2p 5 

1045590 

IN 
IIt'1""'--:-1 O~O:-• ...,..44.,.."O~I ~ 

II 100 . 336' I '0", 

95.640 1045590 

I\) 

t-t ---------------,;n-r;;-;.--------------iL2 £2 2 p"3( 2 D 0 )~ d 
18.630 5489000 

-
1 ....... --------------...,,-----------t1 2s

2
Zp 3( 2 DO)3 s 

20.149' 1 
19.952' 5012000 

1 I 1 

v XVI(O-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 

7.0 8.0 
I I 

3 
~ ~ 

~oo 
O":l= 
0"'"
C1> CD 

<~ 
~o 

C"l 

3 
~ 

9.0 

-



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 

1.0 2.0 3.0 4.0 5.0 6.0 

3( 2Do )3d 

5518000 

~--------------:~-:-:-:------------1 25
2

2 p 3( 2Do )3d 
18.123'- 5518000 

~~-----------------~I 
~ N 

ll"'" '0 2 
o 121039 .; 

20.444 

-0 

~2522P4 2042.7 
2000.0c 

49970 
L- 48937 

18.26 

'" 
+ 20.214 c 

-
19.92.(1. 
1 q. 7::! n 

-o s 
+----lZ s 2 p 1 78 . 191 c 

798899 
tv 

N 5 
+-----l2 s 2p 156.060 

tv 761824 
1-. 0 

~ 140.277 

"" 
133.525 

'" 133.338 
131.263 
129.195 
125.173 

~ 822961 - 798899 
~ 761824 

r.::: 

1'2S22P43P 

2s22p4 lD 

4891000 

'" 
1 

'" 
LZ~?ZV 

50 

I 2s22p 
I 

50 

Zs 22 p 3( 2Do )3d 

5476000 

66000 

V XVI(O-Sequence) 

7.0 8.0 

r 

'3 

a CC 
0':lCJ1 
o.t>. 
('I) CoO 

<~ 
'-' 0 

t;) 

:3 
.:.. 

9.0 

363 

3p 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 



364 SHIRAI ET AL. 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I I I T 

r 

-0 "'- :3 
II Zs22p3(2p')3d -- .... 

11 18.12 1I ~oo 
II 18.12 1I = CJI 

0""" 
18.008 5568000 ~ ~ 

<0 5552000 0 
~o 

II> '" 
.., 

t L2s Z2p 3(2DO )3d :3 
18.678e 

5.75000 ~ 
N -
II'" Zs22p3(2DO )3d 

18.492 TI 
18.21101 .~ 5475000 

H57000 
N - '" II 25 22p 3(4So )3d 

18.890 11 
18.716 c 11 3n° 18.689 t:: BB~~8 

N 

-I;> '" h22~3( 2n o )!h 
20.278 
20.278 
20.27S\; 
20.0 '9 
20.017 4996000 

'- 4981000 
I...- 4980000 

.... 
'" ~ ("'P' ID 

.... 
'" . 

121039 
'" 49970 

38937 ." 

I I I I I I I I I 

v XVI(O-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 365 

,.. 
",,'" 

0.1 
I 

l~[
2S22P3 2p. 

L 240500 
211420 

140260 
120930 

o 

0.2 0.3 

131.687 
126.832 

113.785 

125.278 
120.873 
117.276 
113.406 

111.299 
108.952 
102.854 

1624. C +l2p
5 

1698100 

184.05 C 

167.279 
165.322 
151.656 

157.070 
143.Z1 c 

1698100 
1636530 

1698100 
1636530 

I 

0.4 0.5 0.6 0.7 0.8 
r 

I I I 

V XVII(N-Sequence) 

0.9 

r-
3 

- <0 

O":l """ 00 N 
(t> 0 

<~ 
~o 

n 
3 
~ 

1.0 
I 

-

2p 

-

2po 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 



366 

0.1 

1405. c 
1105. c 

997.61 ' 
836.33 c 

2.0500 
211420 

0.2 0.3 

130.9-U 
12~.927 
120.3o.t 

1698100 
1636530 

10~.72C 
103.06 c 

99.111 c 
98.37S c 

unus 

SHIRAI ET AL. 

0.4 
I 

Il.,,,, ·S· 
2~22J,3 200 

2S(2S)2p'(3p) 'p 

0.5 0.6 
I 

N'fJI 

0.7 

+--__________ -:-or...,....,..,..-________ --4lh22p2(3p )3d 

17 -373 58S7000 

!,"'" 

159.6S e 

158.143 
152.566 

137.62 C 

136.511 
13(,056 
133.00' 

f-----i' 25(25 )2s>4( I D) 116.36' 

-Nt", 

l~
r2" 'po 

~ H0500 
211420 

140260 
120930 

L 0 J 

866880 

I I I I 

V XVIICN-Sequence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 

0.8 0.9 

I I 

r 
'3 

1.0 

J 

-



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 367 

0.1 0.2 0.3 

+l 
" 3 

2s'2p 5172. c 
140260 

~~----------------~ 

l"'[';"'., '0' ~ 
120930 ... 

o "! 

""'" ",'II' 

tt 

["'" '0' 

H8U8 

""'" NI- Nr-!,'i'_ 

~ .. ('S )2.·('P, 

IUiU 
627560 

"''''' ""w ""-
t---+II ZS(l~ >zp.(~ 1") 

, 
"','" 

681580 
666210 
627560 

l~
112S'2P3 'po 

~ 240500 
211420 

140260 
120930 

o 

17.6,u 
17.536 

1 .1 

258.36 c 

2H.90 c 

212.69 c 

205.21 c 
197.38 c 

US.39 c 

178.S6 c 

159.347 
150.103 
146.719 

I 2s 2 2p 3 ·SO 

2s'2 p 3 'Do 

0.4 0.5 0.6 0.7 

)3d 

N'II' "',-.I 
~"'2"(' P ,3d 

nn888 

II>,W 

""'" 28 22p2(3p)3d 
5828000 

0.8 0.9 

3 
~,... 

.... CD 
C) ~ 

00 N 
rt 0 

<:g; 
..... 0 

n 
3 
~ 

I.O 

2p 

4p 

V XVII(N-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 21, No.2, 1992 



~68 SHIRAIETAL 

Energy (in lO7 cm-l) 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 , I 
t"'"" 

~2P' 152.933 

3 - ..... 
1668300 r-.:> ..... 

al° 
c 0-

~ al +=-----t2P ' 129.71 c <g 
1668300 ~O 

0 
c (") 

L2 P 4 107 . 19 c 
3 

1668300 2-
NO 

+-l25
2

2P2 925.15 c 
269000 Is 

k2S22p2 434.2 T 

269000 

/ ,r;; I L,., 'p l~ ll['<'Sl2"<'P') 
I p • 

2s(2S)2 p 3(Zpo) :?p. 

- 8HH~20 hIlS )2 p 3(4S') 3S· 

o 735(20 
g;USIO 

-

16.787 
L2 SZ 2p3d 

6226000 

17.717 
L2s 2 2P3S 

5805000 

~2S(ZS)2P3(ZPO ) 134.1 
101U20 

L2s(ZS)2p 3(Z p O) 117.163 
1014420 lpo 

I 2s(ZS)2p3(Zp.) 
102.HO 

1014420 

;; 

I 1""." P 
ll["'" 

IS 

25 2 2pZ 10 

~69000 
1 0910 

37960 

I I I I I I I I I I I 

V XVIII( C-Seq uence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 369 

0.1 0.2 0.3 
IT 

N 

i==i5 

l3S.69 C 

l34.U c 
1480330 

118.29 C 

116.He 
U80330 

16,467 

159.15 t 

120.607 
116.365 
l11.UZ 

897330 

0.....--------........ \ 

~~
L.'2P' 'S ~ 

269000 
~nu .; 

I 0 I I 

0.4 0.5 0.6 
I I I 

1l."'''''''D') 'D' 25(2S )2p3(2p.) 3 p • 

2s(2S)2p3(20o) 10· 

I I 

w 

1 

0.7 
I 

62HODO 

I 

0.8 0.9 

I I 

1.0 
Ir 

S 

1:1.:)

m O 
0-
C'b m 
<~ 
~o 

o 
n 
3 
~ 

I 

1 1 
I 

-

-

I 

v XVIII(C-Sequence) 

J. Phya. Chem. Ref. Data, Vol. 21, No.2, 1992 



370 

'
....... 
I 

0.1 
I 

"'-

f=r 
"'-

f=t~ 
c 

~=r 
" '" -0 

~r 

3307. c 
263~.c 
1466. c 

68190 
37960 

1122 

0.2 

290.~5c 
252.30 c 

1(10770 
1358710 

222.08 c 

199.06 c 

IHHi8 

216.69 
19~. 76 c 

192.76 c 
IH61l0 

UUH8 

162.53 
160.~0 
149.86 
1411.01" 
147.30 
146.91 c 

UI8H~ 
1358710 

138.168 
186.30 c 

lS6.08 c 

127.27 
127.079 
126.411 

1416110 
1410770 
1358710 

~llr:9~;~~';;:P.) 'po 

~ 74.'" 
735420 
731870 

634950 
625040 

- 623860 
'- (366868) 
~7960 

0.3 0.4 

SHIRAI ETAL 

0.5 0.6 

II 1,."S>2,3'OS.) 'So 
h(2$ )2,.3(2 D o) 3D' 

h( 2S >2 p :l(2p') 3p ' 

23(2S >2 p 3(4S0) 35· 

2s(2S>2 p 3(2D·) lD· 

0.7 0.8 
I I 

v XVIII(C-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 21, No.2, 1992 

0.9 1.0 1.1 
I I I , 

3 
........... 
",-
~o 
0-
CI) ~ 

<g 
-- 0 0 

C'l 

3 
..!. 

3p 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 371 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 
I I I 

r 

- 3 
'" I 2s 2 2113d 

_. 
16.32 c I ~..-

16.24 e 
6195000 

0";)0 
0"-
rr> ~ ., 

1I"25 2 2p35 <g 
--- 0 II 17.678 II 0 

("") 17.482 II 3 17.400 t:: 5786000 ~ 5726000 

-
~2S(2S l2 p 3(2p') 2U.40 c 

735420 

f==::t'" 's l2, ", P') I14.06 c 

171.69 c 

tHU8 
3po '" 

N '" h(2S )2 p 3(2p'} 
149.86 
148.113 
1·U.111 
US.377 
141.73 
136.00 

"- 743350 
'- 735420 

'--- 731870 

~ I 0 

I 
~L"'" 

IS 2s22p2 3 p 

2s22p2 ID 

269000 
160910 

~nu 
0 

N 
., 

! 17.5(5 
l25 2p2(2D lSs 

6323300 

3D 
[" 's )2,','D') 3D' 

623860 

., .., 
1 

16.378 
6174000 

0 -+---L2S ( 2S )2p 3( 2D') 280.87 C 

"'_ 6Z~040 

'"" 
~h"S)2""D') 216.01 c 

215.46 c 

210.95 e 
G34950 

3D o 625040 
623860 

-
'" 

w 

>---
2s(2S)2 p 3(2DO) 

179.96 c 

'--- 179.58 c 

>--- 176.440 
- 170.678 
,.-- 170.33 c 

t-- 159.991 
"- 634950 
'- 625040 
'-- 623860 

~ I I I I I I I 

v XVIII(C-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 21, No.2, 1992 



372 SHIRAI ETAL 

Energy ( in lO7cm-l) 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 
I I I T T T r 

.. 3 

16.558 
L2s2p2(2D )3d 

N-6614000 0)0 

w 0 ..... 
~ 0) 

l2sZ,2(' P )3d <:5 17.018 -0 
3F 6500000 

0 
C') 

3 

["'S)2""D') 'D' .!. 

nUBS 

'" 
16.914 

Lh 2 2P3d 
6073000 

3FO 

["'" 'D 
160910 

Ift""s ",,,'S') 334.Bl c 

3U.U c 
(366868 ) 

5So r'" " 
68190 
37960 

-

16.341 
L2az,2('p )3d 

64160001 
... 

17.U2 
L2aZ,2('p )3_ 

61000001 Sp 

["'Sl2""S') 'So 

(366868) 

I I I I I I I I I 

v XVIII( C-Seq uence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED VANADIUM 373 

0.2 0.4 0.6 0.8 

1t-_________ -:-F""~..__-------~l2S2P(3pO )3p 

15.333 6590000 

I~-""I"" 
U---....j.j ~ 

N 

NI-

138.84 
136.25 
124.60 c 

802560 
788850 

NI", 

l=t
NI

'" !;; 108.3 c 

'" 104.5 c 
104.1 c 

1318200 
1292800 r l~ 20 •. 0' 198.51 

193.93 
1318200 
1292800 

~NT' i[;~ 1'3.82 
UO.25 
138.78 

1318200 
1292800 

V XIX(B-Sequence) 

1.0 1.2 

r 

:3 

w"-
(.)10 
<:.nCD 

2S C1> ?; 
<0 

0 

= n 
:3 

I -

2p 
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0.2 0.4 0.6 0.8 
I I 

Nt'" 

~----------""'--=-::-:-------------1L212p( I pO l3p 
14.636 6901000 

'tt------------:-;--:-:-".....----------.... L2s2p( 3po l3p 
15.039 6718000 

NIW 

It-N_'W ______________ --------~llt: 
11 15.7P 11 ION 
1t-----------~I~S~.7~02----------Mn~ 

~.'w ··liN'" 189.0" 
w 186.32 

167.34 
605320 
597590 

r" 'po 

~ 88610 

NIW r- ~~ 
NIW 

NIW NUll 

129.6' 
126.(' 

1166100 
1152900 

91:: 285.(' 
W 275.1' 

1166100 
1152900 r [~ m." 180.07 

178.32 
175.9' 

1166100 
1152900 

/,. 

l~
L'2" 'p 

802560 
605320 
597590 

39(560 +X 
361600+X 

15.560 6'37000 
6427000 

+-t _________ """;"!'--:-;;;.--________ -+L2s2 p ( 1 p' )3d 

15.495 7059000 
NIW 

NI'" 
NI.., 

NI'" 

1~---__ ------,:~.;..;.....-------......u~2s2P( 3po l3d ..- 16.007 _ 
15.924 6885000 

6845000 

I I 

V XIX(B-Sequence) 
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Energy (in lO1cm- 1) 

0.2 0.4 0.6 0.8 1.0 1.2 
I I 

r 
3 q3 -- ..... 2p 08.0C 

1030850 +X ::".J-
;:,nO 

NIW NI<...I 
Ul= 
C1> W 

+---l2 p
3 230.8 c <g 

1030850+X ~e 

1\>1- e 

iE=t~ 
C") 

157.17 
:3 

I 

149.42 -
143.13 

1030850+X 

/'; 

I L,.,., II ["'''' 2s2p2 20 

802560 
597590 

394560+X 
361600 +X 
332180+X 

1\>1-Sf ' 2sZp 306.Sc 
SOl.Oc 

394560 +X 
'H2190 .. )( 

4p 

["'. 2 pO 

68610 
0 

15.63 
L2S2p(3 p O)Sd 

6792000+X 

~ _________ ~~ ________ ---"L2S2p(3pO )3d 

15.63 6792000+X 

I I I 

V XIX(B-Sequence) 
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0.2 0.4 0.6 0.8 1.0 
I I 

L l ~ "6'" 627500 
-

." 

~ __________________________ ~~~ ________ ~ ______________ ~12s4p 

10.941 9140000 

1 
1 S G 39 7:;)71900 

~------------------------~------------~L2P3d 15.176'- 7571900 

~ __________________________ ~~~ __________ ~I 2s3p 

14.360 6964000 

396.0 C 

32S.0c 
30S.3 c 

627500 

L---12s2p 159.35S P 

r~ 627500 

[= ~I~ l ~ 1177600 [0 982600 
375000 
322600 
303100 o 

V XX(Be-Sequence) 
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0.2 0.4 0.6 0.8 1.0 
I I I 

~ ______________________ ~~~ ______________________ -4l2S4d 

11.615 9237100 

~----------------------~~~------------4l2P3p 
U.649 7453900 

686.8C.u 2s3d 
TL.- 7109600 

~---------------------"""'--~--_--------4l2S 3d 
15.427 7109600 

1064. ' 
795.5' 

982600 

+-l- 2p2 281.62 
982600 

I~: 164.5~ +t----l '" 151. 5 
982600 

~l ~; mm 
627500 

375000 
322600 

/2S3P Ip. 

L 6964000 

~----------------------~~r--------------------~L2P4d 
11.378 9645800 

~------------------------~~_----~l2P3d 
15.526'- 7423300 

-N 

II I5.303 e L: 
++------------------------+1*-=5 .c?2¥.;29~--------.... ~ H 23 300 

,~ 
<182&00 

888600 
856900 

L 
'1:1 

N 

~-------------------------~~----------------------~l2p4d 
11.523 9660900 

~--__________ ------------~~----------~~2P3d 
15.216 7554600 

I I 

V XX(Be-Sequence) 

1.2 

r 

3 

.::.. -
00-
Cl')tC 

~g 
-- <::) o 

n 
3 
.:. 
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Energy (in lO7 cm -l) 

0.2 0.4 0.6 0.8 1.0 1.2 
I 

r 

3 
L2P 3p ~ .-

14.759 t .::,.-7402900 
00 -

-N C')~ 
~ 0 

II L~ <0 
14.229 ~o 

14.124 c 
7402900 

0 
n 

O':-N 3 
I r 3154. c -

2717. c 
888600 
856900 

0_ 
0 

II) 

~~ 
207.51 
201.02 
194.14 
187.17 
180.58 

Sp 176.68 
888600 
856900 
820100 

0 

'" 

,~ 519.2 c 

435.9 c 

383.0 c 
II IIRIi nn 
856900 
820100 

/,. I 

~ l~; 856900 

I 2s2p 3po 

2s2p 1 pO 

820100 
627500 

375000 
322600 
303100 

-

11.427 
L2p4d 

9639800 

15.332 c L2p3d 
7505000 

-N 

It 15.114 l~ 15.042 t 
7505000 

-
I 2 s3p 

14.401 6943800 
C':N 

t~ 5127. c 3po 
1908. c 

375000 
322600 

-k 2S2P 3IO.O c 
32ZbOO 

r~~ ~~ 982600 

I." .., 

; 
888600 
856900 

322600 
303100 

l 0 
I I 

V XX(Be-Sequence) 
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0.2 0.4 0.6 0.8 1.0 1.2 
I I I 

r 

3 

l2 p 4p 
............. 

10.838 .t:>. -9601800 00-

- o;,~ 

!~ 
Cl> 0 

11.308 
<0 
~o 

11.243 0 

11.215 
n 

9219700 3 
9218300 I 
9217000 -

111 

"' ... 

14.387 " ~g 14.279 
14.279 7378300 

7325900 

'" 3D 

11 

14 18 ,e 
14 18 c 
14 7 
14 17 ,<., 

14.82 '- 7052400 - 7047500 - 7046600 

~
L'2' 'p' 

375000 
322600 
303100 

llt--l ____ ~~!~:g~----~ijl~ 
11.427 ~ 

1I~--------------------------15-.-27-2~c--------~II~ 
1H-------------------------~15~.£19u8~<.,--------~II~ 

888600 
856900 
820100 

15.187 c 
15.141 
15.114 
15.114 7493200 

'- 7473300 
- 7436500 

9639800 
9571300 
9569200 

~------------------------~cn~----------------------~l2P4d 
11.523 9;)61000 

~------------------------......,..-=--=.."..----------~l2 p 3 d 
10.336 7409200 

I I I I 

V XX(Be-Sequence) 

-

I 
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1.0 2.0 3.0 4.0 5.0 
I 

r _. 
3 

.-. .... 
U1 ..... 
o:>N 
tOOl 
• Ol 
0:>0 
~ 0 
<0 

..... ~ 
3 
.:. 

NI..., 
NI-

f 2.3906 
lis 2p2 

.f.2247000 
2S NI- ",,-

NI", 

l1s2
S2 

11 2.4450 
)1.440;1 41317000 

NI- NI-N,,,, 
lls23S It 14.929 

U.758 111UOO 

["" 'po 

H6020 
340470 

-
N'", NI'" 

2p I 2.3990 l l S 2 p 2 
42100000 

-
",,-
11s(2S)2s2p(lp.) 

2.3912 I 
2.3912 41820000 

NI-

It"'~;( 2S )2s2p(3 p .) 
2.3993 
2.3970 I:: 41719000 

41679000 
",,-
t~;27p 

8.576 11660000 ",,-
t~;26P 

8.8.(3 1130S000 

""-NI'" 

2po J 1s2Sp 
9.352 10693000 

""-
;;;~4P 

10.413 9603000 
",,<01 

II 15 2 3p 
13.870 II 
13.626 7232000 

7210000 

""-[",. 2S 

I 0 
I I I I 

V XXI(Li-Sequence) 
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lS22p 293.71 c 
240.37 

A 1 fi02 0 
340470 

1.0 

r 
:3 

.-... -..... 
tJl
Q)r-.:l 

;cg; 
010 
CI> 0 
<:0 
---~ 

3 
..!. 

2.0 3.0 4.0 

NIW ",",, 

5.0 

I~U~~~~~~~~~~~~~~~:~::~:~~:~~~~~~~~~~~~~~~'2::~70~ 
41997000 

""'" N'O' 

1>---_---..,........,....".-_-1lh28d 
8.703 11906000 

""w 

1+-_~_--"-"""'""" __ -tlhz8d 
8.643 11906000 

"'" .. "''''' 

N'", 
NIOI 

24.49 c 
+-1 __ .... L1s 2

Bd 
11315000 

Il~ ~ 415020 
340410 

9603000 
7232000 
7210000 

V XXI(Li-Sequence) 
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1.0 
I 

"',.., 
"''''' NIW 2 

89.45 C +--tis Sd 
10721000 

"',.., 
""- 2 

89.H C +-lIs Sd 
10121000 

N'W 
",'01 

+-1 ___ ..".....~_---4l1s25d 
9.704 10721000 

Itj ------;;-."....;;-:;-----+Lls 2 5 d 
9.633 10721000 

N'W 

I1-
N1W 

UN: 
"ln~t----"71 "0 .~8 5;:-;;3:----i+1I .. ", 
Il tillf--__ ..;.1;..:0 '.:.;85;,;:3_--4I11 :: 

10.768 

""W 

U.75' r l~· U.68 c : 
41.37c A. 

N'N,W 
""W 

N'OI 

11-
"11l~~--:-U::-. 5~9"""12-"'1l1 .. ", 
111 14.578 11 : 

9631000 
9627200 

9631000 
9627200 

14.435 7275700 

I~ U"20 ~ " .. " 

7269100 

11S24P 2p. 

L 9603000 
7232000 
7210000 

2.0 

L 
N 

Co> 

" 

SHIRAI ETAL 

3.0 4.0 
I 

IN'~ 

1+---------------------------~2.~4,.1~310r---------------------~ 

I I 

V XXI(Li-Sequence) 
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1.0 2.0 3.0 4.0 5.0 6.0 
I I T 

r-

3 
~ .-
m 
000> 
tJlO> - [',;) 

0> 
[',;) ~ 

~w 
N 00 
C1> 0 

< n 
~3 

J ---
7872. c +lls5P 

(53120000 ) 

-
8L077 c +-lls5P 

(53120000) 

-
25. 73S c +---t.1S5P 

(53120000 J 

-
I 

8657l\. (53120000 ) 

lIs 5 P 
1.8825 (53120000 ) 

--
... 0 1 !i -c +ll S 4 p( 51911500 J 

-
37 .358 c +---ll s h 

(51911500) 

--
~ L1sb 

9.6687 c (51911500) 3po 

I ls(p 
1.926(c (51911500 ) 

--
169S. c t 1s3p 

(49293700) 

--
t L1s3P 

12.94S e (49293700) 

I !s3p 
2.0287 c 

(49293700) 
0 

III _ 

2.3941 c [II ~ 
2.3934 c rTI'" 
2.3895 c [: f 41849830) 

41782010) 
'--- (<l1770UOl 

0 

496.77 c t§ 469.07 c 

gsS.QG C 

1418498305 
41782010 

((1770120) 

0 

r ~ ~ l ['" " I 

~ (53107300; 

.. 
(51886600; ~ 

(49234710 ) 

0 
(41568820) 

I J I , I I 

V XXII(He-Sequence) 
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Energy (in lO7 cm -l) 

1.0 2.0 3.0 4.0 5.0 6.0 

r 

3 
~ .-
0) 

00= 
== 
..... N 

= 
NtO 
tOw 
N 00 
~ 0 
<C'l 
....... 3 

~ 

38.65(c ~IsU 
(51936800) In 

lIsU 
10.0H e (51936800) 

13 .566\; f LlS3C1 
( (9353910) 

l,2. 'P·L'3. Ip' 

( (493(9140) 
41982340 ) 

-

83.626 c +-lIs 55 
(53107300) 

26.222 c +----l1s5S 
(53107300) 

L1s5s 
8.8298 e (53107300) 

38.567 c t--lIs4S 
(51886600 ) 

LIS4S 
9.8965 c (51886600) 3S 

13.H8 c I Lls35 
(49234710) 

I h2s 
2.4056 c 

((1568820) 

~ ~ l L'" 'po 

I .. .., 
't:! 

(51911500J '" ((9293700) "0 
(4118Z010) 

I 
V XXIICHe-Sequence) 
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1.0 2.0 3.0 
I I 

4.0 5.0 

r 
3 

~ .... 
~ 
ooCJ'l 
CJ'ICJ'I _ N 

<:.n 
NCO 

~~ 
~ 0 

:Sg 
0-

6.0 

8128. c +lls5p 
(53132000 ) 

81.900' ~ Is5p 
~ (53132000) 

26.047C ~ !sSP 
T---L (53132000) 

'-I ----__ ..... LIs5p 
8.8151 c (53132000) 

I Is5p 
~------------------------------------------------1-.8~8-2-1T~ (53132000) 

0-

4165. C +l1 S4p( 51935000) 

38.743C .i......--.lls4p 
~ (51935000) 

37.847C~ Ish 
T~ (51935000) 

~ __________________________________________________ ~I Is4p 

1.9255\; (51935000) 

0-

1755. c +LIs3p 
( 493497(0) 

o 

13.224c ~I __ - ..... l1s3p 
(49349740 ) 

~ ____________________________ ~ __________________ ~I Is3p 

2.0264(; (49349740) 

0-

513.98 c tl1s2p 
(41982340) 

241.83c.Ll IsZp 
TL (41982340) 

~----------------------------~------------41 Is2p 2.3820
c 

(41982340) 

I/t~~--;?~/.l;;~l-l"'~l::' ~~11,,!1:2,: 's 

w (53119100; ls3d tD 
(51911000; 

(49353910) 1545 IS 
(49292760 ) 

(41787780) 
(41568820) 

I I I I 

V XXII(He-Sequence) 

305 
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Energy (in lO7 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 
I 

r 

3 
--. .... 
en 
0001 
U1t.n 
_N 

t.n 
N~ 
~c:,..:) 

N 00 
~ 0 
<: (") 
~3 

.!.. 

8 •. HO c tl1s5s 
(53119700 ) 

26.525 c +----1-1 S53 
(53119700 ) 

Ll s 5S 

8.9788 e (53119700 1 Is 
0 

39.0n c +--lls4S 
(51911000 ) 

LIS4! 
10.072 t (51911000) 

13.679 c I l!S3S 
(49292760) 

~ l C' 'p' 
L 
.., ... 

(51935000) 
(49349740) ~ (41982340) 

I I _1 I 

V XXII(He-Sequence) 
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1.0 2.0 3.0 4.0 5.0 6.0 
I T I :-' 

:3 
~ ~ 

~~ 

T - w 
00 = 
ct> ['..:l 

<= 
~3 

i 

f\):W 

23.989C~~ 
(56111320) 

N' ... "',-
I 8 .1216~ l~ (56111320) 

N'''' 
\~ 

1.7820 c 
(56111320) 

',>I ... 
34.911C~~ 

(54801110 ) 

"',- ',>I'" 
I 9.08B2~ l~ (54807110 ) 

"'.w 
2po 

l~ 
1.8246 c 

(54807710) 

N'- ""<0> 

I 12.234 ~ L~ (51918720) 

N't.> 
Iw 

1.9239 
"0 

(51918720) 
NI_ 

NI ... 

981.36
c +l~ 

(43905810 ) 
N'-

Z. 2B30~ 
1·1N~w 
T "" 

2.2776'- -~ (43905810) 
(43801550 ) 

1\>'-

r ~ ~ (51948140) 
(43804530 J 

0 

I I I I I I I 

V XXIII(H -Sequence) 
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Energy (in lO7 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 
T I T I 

r-

3 
.-.. ~ 
.....:J<:,n 
r'V

00 '::",c.. 
;:">,c.. 
-w 
00 c.c 
~ r'V 
<0 

C') 

~3 

.:. 
H.150C~:: 

(56119500) 

8.1875 e u: ( 56119500) 2D 

35. 29~ c ;::':-1..':: 
(548120~0) 

lUS91 C L:: (54812040) 

12.372 C l ~ (51988830) 

~ ~ (51978720) 
(43905810) 

-

H.203C~::: 
(56120600 ) 

2F O 

~ (51988830 ) 

I I I I I I 

V XXIII(H -Sequence) 
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